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Survey Radiobiology for Engineers 


BLAINE LEVEDAHL, Associate Professor Zoology, University California, Los Angeles; 
and Consultant, Douglas Aircraft Company, Inc. 


The effect radiation biological systems reviewed. Types 
particle and electromagnetic radiation and the mechanisms ab- 
sorption and energy dissipation commonly found when radiation 
interacts with matter are discussed. The effects radiation 
living systems general are examined. The target theory and the 
indirect theory action radiation are compared terms 
experimental evidence. The major emphasis the survey the 
consideration biological radiation simple systems 
single tissue, and detailed consideration radiation effects 
the skin, the reproductive system, the circulatory system, and the 
digestive tract. summary permitted tolerance humans 


particulate and electromagnetic radiations presented 


INTRODUCTION 


The problem the effect radiation 
biological systems rapidly becoming subject 
paramount interest all people. Particular 
interest is, course, apparent when neces- 
sary either design, operate live with equip- 
ment machines that use nuclear energy 
source power. 

Absolute shielding, that shielding protect 
against all irradiation, very often impractical. 
Therefore, all those concerned with nuclear 
energy tool are subjected what best 
“safe.” The “educated guess” constantly chang- 
ing more information becomes available 
the biological effects radiation. 

would seem reasonable, therefore, that 
one concerned with the design equipment 
that utilizes nuclear energy, one should have 
least general understanding two problems: 

(1) What theories are there explain the 
mechanisms action radiation biological 
systems and what are the difficulties encountered 
establishing these theories facts, and 

(2) What our present knowledge the 
injurious effects and “safe” limits radiation 
those systems that are vital the animal? 

Knowledge the first problem may very well 
allow intelligent decision made for such 
problems permitted times, intensities and 
localization any inevitable radiation, while 
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knowledge the second problem would give 
some reasonable guide shielding requirements 
and understanding where shielding might 
most reasonably sacrificed, should become 
necessary so. 

Since ultimately man most interested 
man, the principle effort will directed toward 
interpretation biological effects radiation 
the human animal. approaching this prob- 
lem there are number points that should 
clearly understood. The dose levels which 
one may observe some reversible irreversible 
effects radiation any one animal, system 
organism may quite different another 
species animal, different system dif- 
ferent organism. Therefore, attempting 
determine the way which human tissue 
likely respond irradiation, there are four 
courses conceivable: 

(1) Experimentation directly humans. 
Fortunately, our society this approach for- 
bidden general and limited practice that 
one must 

(2) Examine great variety different tis- 
sues and organisms large number radio- 
biological experiments. One can then attempt 
make certain generalizations from studies 
many different species and assume that many 
will fit reasonably into the same scheme, 

(3) One may attempt select tissue that 
apparently has similarity behavior human 
tissue and then undertake systematic study 
the responses this tissue radiation under 
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wide variety physical parameters. The chance 
finding such system course very small 
and similarities response would purely 
accidental. 

(4) comparative data may 
obtained from humans who have been exposed 
irradiation for one reason another and such 
data may integrated into the general picture 
obtained from nonhuman sources. 

what follows, effort will made 
utilize that information available the litera- 
ture for each the four courses study men- 
tioned above. 

claim made the originality the 
concepts presented these reports. Paraphrasing 
good examples presentation has been em- 
ployed. The purpose this article bring 
engineering personnel compact presentation 
complex and controversial field with the 
intent provide reasonable judgments areas 
design. 


The radiations which interest most engineer- 
ing personnel are those which arise from two 
broad classes physical phenomena. First, the 
engineer concerned with nuclear-powered air- 
craft must deal with the nuclear instability 
atoms that revert more stable forms. Such 
transitions release ionizing particles, electro- 
magnetic waves, both. 

Second, electronic equipment engineers must 
deal with equipment which purposely inci- 
dentally emits electromagnetic energy. 

the first case above, the nucleus atom 
and neutrons. lighter atoms the nucleus 
unstable the ratio neutrons protons de- 
viates significantly from one. heavier atoms 
the n:p ratio stable forms may high 
about 1:2, but ratios greater than this lead 
bombardment cyclotron, they are apt 
contain too many neutrons too many protons 
for the nucleus stable. the fission proc- 
ess atoms are broken into smaller fragments. 
this case the fission products general are 
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apt have excess neutrons, the instability 
may released the conversion neutron 
proton with the emission neg- 
ative beta particle. Should the instability arise 
from excess protons, stability gained 
with the emission positive beta particle. 
These actions can shown equation form: 


annihilation 


The positive beta particle (positron) imme- 
diately annihilated process that gives rise 
two quanta electromagnetic energy (gamma 
photons). Thus one can see from these equa- 
tions that both energy and mass are conserved 
these reactions. 

the second source radiation noted above, 
one observes either x-ray gamma rays that 
may emitted from cathode tubes from com- 
mercial x-ray equipment. While longer wave 
length electromagnetic radiation encountered 
radar and diathermy, well ultraviolet 
radiation, they will not considered this 
report. 


Particle Radiation 
Alpha Particles 

When heavy nuclei are concerned radio- 
active decay, there distinct tendency for the 
atoms throw off particle made two 
neutrons and two protons. This particle essen- 
tially nucleus helium atom and contains 
orbital electrons. Such particle called 
alpha particle. When alpha particle 
emitted, the nucleus apt left with 
excess neutrons, since, has been said, lighter 
elements require relatively fewer neutrons. With 
excess neutrons the nucleus, there 
further opportunity for reaction which 
there further emission beta particle. 
Consequently, alpha particle emission fre- 
quently followed beta decay. 

When light nuclei are involved radioactive 
decay, alpha emission not favored and, indeed, 
seldom possible. With light nuclei the most 
frequent process radioactive decay beta 
decay. 
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Because alpha particles possess two protons, 
the net charge +-2. The alpha particle has 
mass 4.0389 mass units and hence very 
large, highly charged particle. Alpha particles 
have speeds varying from about 1/30 about 
1/10 the velocity light. The velocity the 
particle is, course, related the energy levels 
the emitting atom. there more than one 
alpha-emitting energy level atom, there 
then more than one velocity found for the 
alpha particles. 


Because the heavy mass and double posi- 
tive charge, alpha particles have tremendous 
ionizing power. Their large size, however, per- 
mits them only slight penetrating power. air, 
alpha particles will result the formation 
about 30,000 electron pairs per space trav- 
eled. However, alpha particles can stopped 
sheet paper, and biological tissues 
their range measured microns. Hence, they 
are not able penetrate the skin and are 
little significance external radiation peril. 
atoms emitting alpha particles become fixed 
the body, the problem quite another one. 


Here the short-range high-powered particles can 
lethal. 


Beta Particles 


Beta particles are another form ionizing 
particle that are released radioactive decay. 
Beta particles may either negatively posi- 
tively charged. The negatively charged beta par- 
ticles are actually electrons and are identical with 
those from other sources, such evacuated tubes 
heated elements. The essential difference be- 
tween beta particles and all other electrons lies 
relation their velocity. The energy beta 
particles can range all the way from mev 
(million electron volts) and sometimes higher. 
There one particular difference between beta 
particles and the alpha particles previously dis- 
cussed. Instead having certain discrete energy 
levels, and hence velocities, the beta particles 
nuclear origin form continuous spectrum 
velocities between zero and maximum value. 
This apparent violation quantization has been 
explained energy sharing process that the 
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nuclear beta particle undergoes with the neu- 
trino, during its release from the nucleus. Beta 
particles extra-nuclear origin are definitely 
quantized. 


Beta particles show much greater range and 
greater penetration than alpha particles, al- 
though they produce only about ion pairs per 
travel air. mev alpha particle 
has range only 1.7 air, whereas beta 
particle similar energy travels air. 
Alpha particles are stopped 0.06 alu- 
minum, but energetic beta particle may trans- 
penetrating power, beta particles can traverse 
and damage the skin. Their greatest importance 
biologically, however, still comes from their be- 
ing emitted the body following absorption 
beta-emitting substance. 


(a) Bragg lonization Electrons and 
other charged particles show curious varia- 
tion ionizing power dependent upon velocity. 


electron has velocity, 0.4 that 
light, which corresponds energy level 
46,000 ev, will produce 288 ion pairs per 
air. the velocity and energy increase, 
the amount ionization decreases that 
velocity 0.5 that light and energy 
79,000 ev, there are 185 ion pairs produced per 
air. the energy 0.34 mev, 
and ion pairs are produced per air. 


The reason for this effect thought lie 
the assumption that high speed electrons pass 
atoms too quickly exert pronounced 
effect slower electrons. 


extreme speeds and energies there 
slight increase ionizing ability. This ap- 
parently dependent upon alteration the elec- 
tron’s electric field with extension right 
angles its path, thereby making wider sweep. 

The variation ionizing power spoken 
the “Bragg Ionization Effect,” and the degree 
ionization called the “specific ionization,” 
K,. one wishes calculate the specific ioniza- 
tion, is: 


> 
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where velocity the particle and the 
velocity light. 

Electrons that constitute beta rays are largely 
from the nucleus, but not entirely. Thos particles 
associated with the neutrino are definitely nu- 
clear origin. However, there are those that give 
discrete energy levels and are associated with 
and x-rays. 

Nuclear gamma rays may dislodge and 
electrons, thus producing once and x-rays 
and electrons orbital origin definite energy 
levels. producing this effect, the gamma ray 
may completely absorbed. This phenom- 
enon known internal conversion. 


Neutrons 


Since neutrons have charge, one might 
first consider them little danger. 
However, owing several factors, they are rela- 
tively extremely dangerous biologically. 

The uncharged nature the neutron makes 
behave very differently its transit through 
matter than such particles electrons, protons, 
alpha particles. 

Charged particles can exert electric mag- 
netic forces capable ionizing the atoms 
through which they pass. They can also interact 
with the positively charged nuclei the atom. 

The neutron, however, can experience force 
only when comes within extremely close range 
the nucleus. This interaction with the nucleus 
may considered collision and may 
either elastic inelastic. This general class- 
ification and means covers all the ways 
neutrons interact with matter. 

(a) Elastic Collission. the elastic collision 
the ordinary laws conversion apply. portion 
the energy from the neutron transferred 
the nucleus the collision. the target nucleus 
extremely heavy, such the case with lead, 
the energy loss very small. Light atoms, the 
other hand, will, each collision, naturally re- 
duce the energy the striking neutron. this 
does not make sense first, consider bouncing 
ball against concrete wall compared 
blanket. 

With this concept, light material such 
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water will more effectively reduce the intens- 
ity beam energetic neutrons than will the 
same thickness lead. 


(b) Inelastic Collision—Neutron 


The striking neutron will occasionally enter the 
nucleus and unite with the other particles, there- 
forming new isotope the bombarded ele- 


ment. If, result, the nucleus left 
excited state, any excess energy may carried 


off the emission radiation. The new iso- 
tope will obviously have mass one unit greater 
than that the target nucleus. This process 
called “neutron capture.” The newly formed ele- 
ment may have atomic weight not existing 
for that element its natural state. this the 
case, then the element bound radioactive. 
Neutrons, because their mass, which about 
that proton hydrogen nucleus, have great 
kinetic energy and, because they have charge, 
penetrate readily into the nuclei. Hydrogen will 
also capture slow neutrons form deuterium. 
Gamma rays are emitted this process. 


the case sodium there often the reac- 
dium radioactive and emits beta particles. 


the case nitrogen, ;N'* may become 
fast proton being emitted when the nitro- 
gen struck fast neutron. Because this 
sort thing, the effect neutrons tissue 
greater than one would expect from their com- 
parative ionization figures. The biological effec- 
tiveness per particle rated from 
times great that gamma rays per photon 
and sometimes more than this selected 
tissue. 

should noted that free neutrons are prob- 
ably unstable and they escape capture, will 
undergo beta decay. The half-life this reaction 
estimated about one hour. 


Protons 


Protons are identical with the hydrogen nu- 
cleus. From radiation standpoint biology 
they are greatest importance that they 
produced secondarily tissue impinging 
neutrons. 
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Because the relatively high mass and charge, 
they are very potent ionizers. accordance with 
the Bragg effect that have already discussed, 
the ionizing power the proton increases the 
velocity decreases. 

example is: Penetration with protons 
possible depth cm, the propelling 
energy about 115 mev. During the last 
travel, ionization six times that the sur- 
face due the lower velocity. the last 
the ionization times that the surface. 

The mass the proton slightly less than the 
mass the neutron. This keeping with the 
fact that mev energy must supplied 
make possible the change proton neu- 
tron with the emission positron. 


lonizing Electromagnetic Radiations 
Gamma Rays and X-Rays 


Electromagnetic radiations involve large 
range wavelengths. Some waves have wave- 
lengths hundreds meters length (longer 
than radio waves while other waves have wave- 
lengths 10-12 cm. The term “electromag- 
netic” was applied when was noted Max- 
well that electric and magnetic fields are always 
associated with each other. Changes these 
fields produce wave disturbances. 

The waves produced are rather complex and 
nave electric and magnetic component vibrat- 
ing right angles each other, and both are 
perpendicular the direction propagation 
the wave. This particular type wave found 
for all the waves this group, matter what 
the frequency. 

Both gamma and x-rays belong this general 
classification electromagnetic waves. 

Aside from frequency, there significant 
known difference between gamma 
Therefore, there range which one finds 
“soft” gamma rays the x-ray type “hard” 
x-rays the gamma ray type. general, what- 
ever said gamma rays also applies x-rays. 


Gamma rays originate the excited nuclei 
atoms. They represent the energy difference be- 
tween the initial excited state and the lower 
energy state, which may may not the 
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ground state the atom. other words, there 
may several steps between the initial energy 
level and the ground state the atom. this 
case the original transaction may followed 
one more additional gamma emissions 
rapid succession. The nucleus finally left the 
stable ground state. The packet gamma radia- 
tion emitted consequence single transi- 
tion termed “photon.” 

The penetration gamma rays extremely 
great and, other factors being equal, in- 
versely proportional the density the sub- 
stance concerned. While alpha particles are 
num and beta rays are absorbed few milli- 
meters aluminum, gamma rays can penetrate 
several the same 


Since gamma rays have charge, ionization 
tissue largely secondary. Some atoms, 
course, have electrons knocked out the orbitals 
gamma rays and are thus ionized directly. 
However, these dislodged electrons usually have 
relatively high energy and turn produce ion 
pairs. This where most the radiation comes 
from for gamma radiation. 


Primary Methods Absorption 
Electromagnetic 


Absorption gamma rays occurs three 
principle ways: 

(1) The lower energy gamma photons are 
absorbed what called the “photoelectric 
effect.” The photon gives all its energy 
the orbital electron. Thirty fifty electron volts 
energy are usually required dislodge the 
electron, the rest the energy the photon 
going into kinetic energy. This relation was first 
proposed Einstein. The relation is: 


where Plank’s constant, 
the frequency radiation, 
binding energy the electron 
the atoms, 
mass, 
velocity. 


ill 

m. 
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stated previously, the energy the gamma 
ray usually fairly high and much greater 
than the binding energy. Hence, the energy 
the emitted electron not much different from 
the energy the incident photon. Obviously, 
the absorption due the photoelectric effect 
greater, the more tightly bound the electron. 
Hence, given element, “K” electron may 
several times more effective stopping 
gamma radiation than “L” electron. 

The Einstein relation simply states mathe- 
matical terms very sensible proposition. This 
that the energy the incident photon must 
equal the energy needed dislodge the electron, 
plus the kinetic energy imparted it. 


(2) The second way gamma ray may 
absorbed the so-called “Compton recoil 
effect.” 

Consider incident photon wavelength 
frequency with velocity Consider that 
this photon approaching atom; and upon 
impact with electron, the electron recoils with 

Since accomplish this, energy must taken 
from the photon, the photon has effect sur- 
rendered its identity and new photon lesser 
energy and frequency ejected angle 
with the original photon. 


(3) method absorption gamma 
rays involves very high energy photons mev 
more. this case, when photon strikes 
matter (atoms), more particularly the heavier 
elements, some them disappear the case 
the photoelectric effect but different 
mechanism. Instead knocking electrons from 
their orbits, some photons come very close 
the nucleus and disappear with the actual 
creation ion pairs opposite charge; this 
means with the production electrons and posi- 
trons. this case have matter formed from 
the electromagnetic energy. The positron imme- 
diately disappears the so-called annihilation 
reaction with the creation two quanta 
energy. 

The annihilation reaction may considered 
qualitatively follows: when positron 
ejected, enters into atmosphere negative 


HUMAN FACTORS 


PHOTOELECTRIC EFFECT 


SCATTERED 


COMPTON RECOIL EFFECT 
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PAIR PRODUCTION WITH ANNIHILATION 


Fig Methods energy absorption. 


charges (Dirac-Relativistic Quantum Theory, 
1934). The obvious thing happen that the 
positive and negative charges will react, which 
they do. However, energy and momentum must 
conserved. follows, therefore, that atom 
must order carry off the excess 
momentum satisfy the requirements con- 
servation. Hence, pair production can occur only 
the presence matter, and the heavier the 
atom (larger), the greater the probability 
gamma conversion this way. the mass 
the electron and the velocity light, then 
for the creation the the electron, 
energy mc? required for each. 

the case the electron and positron 
0.511 mev, for both 1.022 mev. This 
then shows why only high energy photons are 
capable this type interaction. 

summarize the absorption gamma radia- 
tion (also x-ray), may now consider three 
qualitative pictures. 


Minor Radiations 

Just that the terms will not totally for- 
eign, the particles rays evolved secondary 
radiations should mentioned. 

The emission electrons following gamma 
ray impact have been discussed. The electrons 
thus produced ionization 
energy that they themselves produce ioniza- 


tion. The subsidiary ionizing electrons constitute 


the so-called “delta rays.” 

When charged particles such electrons 
the end their course absorbing medium, 
irregularities occur. During the final rapid de- 
celeration braking effect, the last bit energy 
the particle converted into soft gamma rays. 


r 
The 
Uni 
rea 
pat 
rad 
lib 
dis 
rel 


LEVEDAHL 


These soft gamma rays are called Bremsstrahlung 


Units Radiation Intensity 

Because the diverse nature different 
ionizing radiations (particle vs. wave), 
reasonable that different units measurement 
dose would required. one considering 
particle radiation, the standard unit intensity 


radiation the “curie.” curie actually the 


librium with its parent substance radium and its 
disintegration products. The radiation de- 
fined curie very complex, being made 
alpha and beta particles well gamma rays. 
While this complexity creates serious difficulties 
usage and makes necessary many descriptive 
qualifications, nonetheless useful because 
relates radioactivity given weight ra- 
dium. practice the curie most often defined 
terms disintegrations. these terms curie 


the amount radioactive material that will 


produce 3.7 disintegrations/sec. milli- 
curie then 1/1000 this amount. disinte- 
gration rate 1,000,000/sec has been given 
special designation “rutherford” (rd). There 

one concerned with electromagnetic radia- 
tion, the standard unit the “roentgen” “r.” 
This unit based the production x-ray 
0.001293 air. This charge may also con- 
sidered ergs/g air and associated with 
the formation 1.6 ion shall 
see later that the use the “r” unit biological 
problems requires many qualifications, only some 
which can quantified. 

Consideration has been made the general 
ways which x-rays and gamma rays may 
absorbed matter. are consider the 
problem effects radiation biological 
systems, necessary consider more detail 
the form two additional problems. (1) 


How the energy from radiation dissipated 


biological medium, and (2) what are the 
problems involved actually determining the 
x-ray dosage particle dosage given tissue? 
These two problems will considered order. 
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ENERGY DISSIPATION 


General Consideration 

can reasonably assumed that the magni- 
tude the biological effect and gamma 
rays some function the amount energy 
absorbed. is, then, important that the biologist 
engineer who studies the effect radiation 
understand number factors and complexities 
the absorption energy tissue. 

general when electromagnetic radiation 
strikes matter, may (a) transmitted 
through the material without change, (b) 
absorbed one the primary mechanisms 
have discussed. However, absorption one 
the primary mechanisms occurs, always 
possible for secondary effects follow. in- 
cident beam x-rays may eject electron from 
atom either the Compton effect the 
photoelectric effect. This excited electron then 
becomes ionizing force its own right 
virtue its high energy, and its energy must 
dissipated. Some energy lost the formation 
ion pairs. This type phenomenon may then 
biological damage. However, energy 
can lost other mechanisms that may 
may not produce biological damage. One such 
method that fairly important that fluores- 
cent absorption. 

Some general remarks should made about 
the processes fluorescence and phosphores- 
cence* that what follows the discussion 
may somewhat more clear. given amount 
absorbed process which orbital elec- 
tron elevated energy level but not 
released from the atom. certain atoms 
molecules this energy may then dissipated 
the excited electron’s dropping back into more 
stable orbit, releasing its energy the form 
light. Phosphorescence generally considered 
that case which the electron remains the 
excited state for only short period time 
before drops more stable configuration 
with the emission light. This contrast 
fluorescence where the electron may remain ex- 
cited for some period time before the transi- 
tion occurs. Such distinctions are course 
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somewhat arbitrary within certain ranges time. 
effort will made adhere this usual 
convention the discussion absorption 
ionizing particles electromagnetic radiation. 
Rather, all the phenomena this nature will 
considered fluorescent absorption. This 
fluorescent absorption different from such ef- 


fects the Compton effect because the radiation 


that results from the fluorescence radiation 
characteristic the emitting atom, and the 
wavelength always constant for that atom. The 
characteristic radiation always longer wave- 
length, hence lower energy, than the incident 
radiation. this way energy from secondary 
radiation lost, and biological damage need 
done. 

should apparent that when ionizing ra- 
diation any sort strikes piece tissue, the 
transformations energy that occur can 
very complicated process. The incident beam 
partly changed direction and wavelength 
and some its energy transferred elec- 
trons which produce ionization the irradiated 
object. Some scattered rays and some the 
incident x-rays themselves undergo successive 
processes scattering and fluorescent absorption 
and their energy becomes progressively dissi- 
pated. The electrons that are excited the 
primary and secondary radiations also set 
successive processes; the energy they possess may 
transferred still other electrons which 
turn set more secondary ionization. 


The electrons that are excited possess much 
less ability penetrate tissue than the x-rays. 
However, some them will escape out the 
surface the object. The rest will give their 
energy the object the form heat and 
chemical energy. 

The first stages, therefore, the sequence 
events that leads from the irradiation tissue 
biological are the conversion radiant 
energy into ionic energy and the conversion 
ionic energy into heat and chemical energy 
the 

show the first stages absorption radia- 
tion tissue, consider the following dia- 
gram. 
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Fig First stage absorption energy 
tissue. 


Quantitative Considerations Energy Absorption 
Determination Dosage 


The biological effect radiation can as- 
sumed proportional the absorbed energy. 
Since the absorption energy very 
cated process, necessary find some method 
measuring the amount energy actually ab- 
sorbed the tissue during irradiation. 

The direct measurement energy absorption 
tissue practically impossible. Indirect meth- 
ods utilizing the “r” unit are essentially measures 
the quantity radiation that absorbed 
air, and the dose tissue then calculated from 
this value. 

The absorption x-rays gamma rays 
dependent upon the nature the elements 
the absorbing The elements air have 
very much the same atomic weights the ele- 
ments that make tissue, and hence one would 
suspect that first approximation, least, 
there must some kind parallelism between 
the way x-ray absorbed air and the way 
absorbed tissue. 

This expectation can demonstrated under 
certain very restrictive conditions. For example, 
the amount tissue irradiated very 
small, say like insect egg, and suspended 


minimum, the amount energy ab- 
sorbed the tissue directly proportional 
the intensity the beam measured 
means open ionization chamber. The 
dose x-ray administered such case 
pressed units simply multiplying the 
duration the exposure the intensity the 
beam r/sec. air small amounts 
tissue both scattering and fluorescent absorption 
are negligible, and there attentuation 
the x-ray beam because these causes. 

This method calculating doses becomes 


| I 
air that the scattering radiation reaching 
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or 


RADIATION 


K-Ray SOURCE 


DEPTH = 
VOLUME = 


— IZATION 
CHAMBER 


AREA OF 
RADIATION 


CONSTANT 
# (AREA) 


oF 
RADIATION 


GREA OF RADIATION = CONSTANT 


VOLUME = f 


( DEPTH) 


Fig Two methods for measuring x-ray absorption. 
Variation field radiation give different volumes. 
Variation depth penetration give different volumes. 


inaccurate when large piece tissue ir- 
radiated because fails take into account the 
effect fluorescent absorption and scattering. 
How important these latter factors are depends 
upon the mass volume the tissue irradiated. 
The error involved may, some cases, quite 

Fluorescent absorption must considered 
determining the distribution absorption 
energy different parts the tissue. the 
waveiength the incident beam long, say 2A, 
the energy absorbed the superficial layers. 
the incident beam has short wavelength, say 
then penetrates more deeply, and 
while the amount fluorescent absorption 
small, what there tends uniformly dis- 
tributed different depths the tissue. 

With short wavelength radiation, scattering 
becomes primary importance. one uses 
0.1A wavelength and irradiates muscle, the in- 
tensity the beam reduced half after pass- 
ing through 5.0 the This 
means that since scattering has occurred all 
directions, one must not only measure the ab- 
sorption from the primary radiation, but also 


the radiation from all the scattered beams 
order arrive dose the tissue level. 

From this should conclude that far 
larger amounts tissue are concerned, there are 
two variables estimating dose: (1) the vol- 
ume amount tissue, and (2) the wave- 
length the incident beam. 


Some Problems Dosimetry 


Since the dissipation energy tissue can 
very complicated, for quan- 
titative work able estimate the true 
energy absorption some indirect means. 
While general practice among modern 
biologists simply quote the dose air 
independent the volume tissue irradiated 
the wavelength used, should obvious 
from what has already been said that this method 
would give true idea the quantity energy 
absorbed. other words, such practice means 
that one can never more than interpret qual- 
itative effects irradiation such practice 
followed. One can never quantitatively compare 
results between species; fact, even results for 
different sizes animals single species 


AREA 
WAX wax 
+ 
y 
n 


August, 1959 


would uncertain.** For any quantitative work, 
how much energy absorbed and where. 

such the case, why the practice sim- 
ply quoting air values followed? The answer 
that very difficult ever achieve true 
description the distribution absorbed 
energy. One may account for many factors, but 
one never knows one has accounted for all 
them. 

give some idea the magnitude pos- 
sible error simply quoting values from air, 
one can consider work that has been done 
model systems. Two such systems are shown 
diagrammatically. 

one uses block wax the proper kind, 
one finds that x-rays are absorbed the wax 
“phantom” about the same manner they 
are absorbed soft tissue water. 


Using wax phantom possible irradiate 
defined surface area and measure the intensity 
the x-ray beam with and without the pres- 
ence the wax One may also imbed 
ionization chamber the wax phantom 
that different volumes wax appear between 
the chamber and the x-ray Then, 
may seen from the diagram, the volume 
the phantom that irradiated may varied 
simply increasing decreasing the diameter 
the “field irradiation.” When such experi- 
ment done using constant x-ray wavelength 
per cent increase x-ray intensity the pres- 
ence the wax When similar ex- 
periment done which skin irradiated 
instead wax phantom, errors due back- 


one holds the field irradiation con- 
stant value and varies the depth the ionization 
chamber the wax model phantom, errors 
calculated dosage may great per 
cent.” 

Studies model systems have also included 
experiments which the quality radiation 
has been investigated variable measure- 
ment radiation dosage. one considers ab- 
sorption radiation the surface film 
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water the surface skin, absorption may 
vary over two-fold range and the variation 
follows irregular course. 
The conclusions such experiments are im- 
portant both the biologist and the engineer 
because the absorption x-ray the skin may 
very well follow similar course the absorp- 
tion surface film water. Therefore, the 
conditions many biological experiments 
impossible calculate simple way the 
amount energy absorbed tissue from 
x-ray beam when the intensity the beam 
expressed “r” units measured air. 


From this discussion should clear that 
for certain limited conditions the amount 
energy absorbed the tissue directly propor- 
tional the dose x-ray expressed “r” units 
measured air. However, these conditions are 
very limited; and the relationship does not hold 
(1) the size shape the irradiated object 
varies, (2) the wavelength the incident 
beam varies. 


Method for Correction Dosimetry Errors 


biological experiments very likely that 
objects different size different volumes 
tissue will irradiated, and certainly 
likely that different wavelengths will used, es- 
pecially under field conditions. 

Therefore, becomes necessary devise 
methods measurement which either avoid 
such variables have been discussed, when 
the variables occur, take them into account. Cer- 
tainly minimum, one should aware 
the possible errors they can considered 
interpreting any results. 

partial summary there are number 
ways one can either avoid evaluate the errors 
that have been discussed: 


(1) Very small pieces tissue, such insect 
eggs, can suspended air and irradiated. 
scattering occurs from surrounding objects, 
then the amount effective scattered rays will 
negligible because the egg very small. The 
small size the egg allows the x-ray beam 
pass through with minimum amount at- 
tenuation, and therefore the energy almost 
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uniformly absorbed throughout the egg. Then 
r/sec time equal the dose. course, one 
may not always want work with such items 
insect eggs. Therefore, another method con- 
trol must used. 


(2) any one series experiments the 
doses used may simply compared the wave- 
length constant and the size and surroundings 
the object irradiation are constant. This 
the system most usually followed. this case, 
again r/sec air time gives dose. must 
always remembered, however, that this dose 
relative and valid only for the particular 
series experiments the conditions that have 
been specified and certainly way repre- 
sents “absolute dose This method all 
right for obtaining comparable measurements, 
but should apparent that can never lead 
anything except qualitative interpretation 
results. 


(3) For those more concerned with quan- 
titative measurements possible construct 
special small ionization chambers that can 
embedded wax water models the tissue 
irradiated. The intensity the x-ray that 
reaches this special chamber then measured 
r/sec. One then uses exactly the same beam 
the biological tissue, and the dose 
the tissue that corresponds the site the 
small ionization chamber the model may 
then expressed “r.” This technique pos- 
sible because living tissue absorbs x-rays much 
the same way does water wax. This ob- 
very tedious procedure follow and 
probably accounts for the lack popularity 
the method. Also must remembered that 
animals are most certainly not homogeneous 
their makeup. This introduces additional 
variable that must considered all times. For 
with short wavelength x-rays the 
range 0.05A, absorption occurs almost equally 
bone, muscle, and water. However, for longer 
wavelengths 0.3A, the absorption bone 
twice that muscle and water. Therefore, even 
models are made and used for estimation 
dose, the doses are nothing more than approxi- 


August, 1959 


mations the absolute “r” dose delivered the 
tissue. 

The difficulties encountered measuring 
x-ray dosage have been sufficiently indicted 
now. The possible errors discussed may easily 
lead errors 100 per cent one does not 
even consider such problems change wave- 
length. impossible assess the reliability 
measurement dose estimates many au- 
thors, and attention must always paid this 
phase any publication. However, any one 
series experiments carried out under constant 
conditions, the doses may inaccurate 
absolute basis, but least the results will 
comparable with each other. 

When different series experiments con- 
sidered, any comparison must made with 
caution. 


Units Interest 


Several attempts have been made overcome 
the complications encountered with using the “r” 
unit systems different than air simply 
changing units. Hence one may use REP 
unit that actually “roentgen equivalent 
physical” unit. This unit defined the amount 
ionizing radiation that capable releasing 
the same energy tissue one x-rays 
gamma rays. will recalled, this amount 
energy approximately ergs/g tissue. 


Since ultimately one more interested the 
amount energy absorbed system than 
the amount energy released the radiation, 
unit that describes this absorption more 
useful. Such unit the “radiation absorbed 
dose” the RAD. One RAD defined the 
amount irradiation that results the absorp- 
tion 100 ergs/g The definition 
the RAD does not specify the medium which 
the energy absorbed. Therefore, over- 
come this shortcoming necessary state 
the medium that considered. 


Different types radiation particles vs. elec- 
may absorbed different ways 
compare one form radiation another. 
this symbol RBE (relative biological effi- 
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ciency) has been defined. RBE used com- 
pare the effectiveness the absorbed irradiation 
delivered from different sources different 
ways. signifies that particular amount 
irradiation can compared second amount 
different radiation comparing the two 
biological responses. this way one may state 
that the RBE slow neutrons relative 
radiation This means that one RAD slow 
neutrons produces particular biological re- 
sponse the same degree does RAD 
radiation. 

The concept RBE represents gross over- 
simplification that the degree effectiveness 
radiation living system may modified 
many physical and biological factors. Thus 
simple comparison completely valid. Despite 
this, the concept RBE convenient and con- 
tinues use. 
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For application man has convenient 
develop unit directly applicable the hu- 
man organism. Such unit REM “roent- 
gen equivalent man” unit. REM the amount 
ionizing radiation which, when absorbed, will 
have the same biologic effect one x-rays 
gamma rays. 1956 REM was gen- 
erally defined REM REP RBE (relative 
biological effectiveness). has been suggested 
the International Commission Radiologi- 
cal Protection® that after 1956 the following 
definition used: REM RAD RBE. 
course, the REM unit has the same objectives and 
limitations does the RAD and RBE. 
nonetheless useful discussing radiation pro- 
tection radiation exposure. 

The evolution the RAD and REM units 
and the RBE can conveniently tabu- 
lar form (Tables and II). 


TABLE 
Evolution the RAD and the 


the present 


Roentgen (r) applied only 
gamma-rays 


esu/0.001293 air 83-93 ergs/g 


REM 
Use only for exposure records 


REM (RBE) REP 


After 1943 (REP) 


Applied measure absorbed 
dose soft tissue. Apply 
any type radiation 


After 1953 (RAD) 


Applied measure absorbed 
dose any medium. Applied 
any type ionizing radia- 
tion 


100 ergs/g 


REM 
Use only for exposure records 


REM RBE RAD 


TABLE 


Evolution Relative Biological Effectiveness (RBE) 


1943 1953 
RBE when applied has value 
x-rays and gamma-rays 
and beta particles+ 
slow (thermal) neutrons 
fast neutrons 
alpha particles 


1953 1956 


RBE when applied has value 
x-rays and gamma-rays 
and beta particles+ 

slow (thermal) neutrons 
fast neutrons 


alpha particles 
protons 
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1956 RBE function 
linear energy transfer 


RBE when applied has value 


200 x-rays 

0.1 mev beta particles 
1.0 mev beta particles 
0.1 mev protons 

1.0 mev protons 

mev alpha particles 
mev alpha particles 


RBE when applied has value 


neutrons the energies 
shown below 
thermal 

0.0001 

0.005 

0.02 

0.5 

1.0 

10.0 


future RBE may function the linear energy transfer (LET) for each specific 


type damage. 


Actually the REP, the RAD, and the REM are convenient descriptive units for the 
purpose conversation, keeping records setting safety standards. The fault common 
with each unit that effectively avoids the basic problem describing the actual 
amount energy involved, and hence can only defined qualitatively experi- 
mentation. result none the units can used for specifying radiation. They 
serve their purpose well, however, constant reminder that dosage specification 


biological complicated problem. 


Adapted from reference 


RADIATION LIVING SYSTEMS 


General Considerations 

X-rays and gamma rays general have two 
types biological action that can easily and 
accurately measured. These are (1) production 
injuries living cells and (2) production 
genetic mutation cells. 

Before discussing such problems lethality, 
what cell does when alive, and therefore 
will necessary review briefly the process 
reproduction cell. This process generally 
implies, does not prove, that the cell alive. 

When any cell divides, goes through con- 
tinuous series changes which one cell ulti- 
mately becomes two cells. For the sake con- 
venience there have been described series 
“stages” this division process. Actually since 
the process continuous process the stages 
represent nothing more than arbitrary selec- 
tion certain forms one may see the sequence 
cell division. Nonetheless these stages are 
valuable the transmission information. 


When cell not actually the division proc- 
When the process cell division begins, the 
cell moves out this resting stage and the 
mitotic (i.e. cell division) activity begins. 


Process Cell Division (Mitosis) 


Most the process cell division centered 
about the action that occurs the nucleus the 
cell. would appear that all parts the cell 
except the nucleus, namely that part called the 
cytoplasm, simply “go along” with the division 
until the late stages when the cytoplasm then 
divides. For this reason our discussion here will 
confined the action the nuclear material 
the cell during the division process. 

Following the resting stage the cell the 
nuclear material (namely which has 
been scattered throughout the nucleus, begins 
form thread-like structures. These thread-like 
structures align themselves along plane the 
center the nucleus and form the chromosomes 
the cell. The chromosomes are the structures 
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1, PROPHASE 


. 2. METAPHASE 4. TELOPHASE 


Fig Process mitosis. 


that carry the“genes” the hereditary units 
the animal. the formation and alignment 
the chromosomes that referred the pro- 
phase cell division. While this orientation 
nuclear material has been occurring, small ex- 
tranuclear body called the centriole has divided 
into two parts, and each part has moved oppo- 
site sides the nucleus. These centrioles now 
act loci directing the activity the nuclear 
rearrangements. 

Once the chromosomes have lined 
equatorial plane arrangement, they split longi- 
tudinally and each half begins its movement 
toward the controlling loci, the centrioles. The 
division the chromosomes referred 
the metaphase cell division. The movement 
the divided sections chromosomes away 
from the equatorial plane called the anaphase 
cell division. 

When the chromosomes have moved into their 
respective halves the nucleus, the nucleus and 
the cytoplasm begin divide into two parts. 
This division process called the telophase stage. 
When the division complete there are then 
two “daughter cells” each exactly like the origi- 
nal parent cell. The characteristic feature this 
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division process that the nuclear material 
divided exactly into two parts, each half going 
new cell and each cell containing the same 
number chromosomes the original parent 
cell. This entire process called mitosis. Graphic 
representation sometimes assists visualization 
this process. 

All cells from all sources are capable under- 
going mitosis. Different kinds cells have dif- 
ferent mitotic rates however. one has large 
number cells all the same kind, they 
not all divide once but rather only small 
part the population actually dividing while 
the remainder are the resting stage. One can 
determine the percentage cells that are divid- 
ing simply cutting thin slice tissue, 
staining that the nuclear material can 
seen and counting the number cells that are 
some stage cell division other than the 
resting stage. Any cell not the resting stage 
ing the number mitotic figures and the total 
number cells the sample one can express 
the rate division “mitotic index.” this 
way, then, one can obtain some idea the num- 
ber dividing cells culture simply count- 
ing the number mitotic figures, and one 
wishes quantitative expression, one may use 
the mitotic index. 


Reduction Division Germ Ceils (Meiosis) 

certain cells, namely germ cells, those 
cells that are involved sexual (as compared 
asexual reproduction, the cell can undergo 
whereby the number chromosomes 
reduced one half during the cell division 
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process. This process referred “reduction 
division” and the entire process through which 
the cell goes referred “meiosis.” com- 
pare this process with mitosis, diagram 
meiosis helpful. 

changes are produced the chromosomes 
these germ cells means irradiation, the 
efforts can passed the next generation 
offspring and the genetic effects are said 
“mutations.” 


Radiation Injuries 

The injuries produced electromagnetic rays 
are graded and range from lethal completely 
reversible injuries. 


Mortality 


All living tissue killed large enough doses 
x-rays gamma rays are administered. Ac- 
tually, the percentage mortality irradiated 
group very often used measure the 
biological action. 

one going use this criterion biologi- 
cal action (namely and state the per- 
centage cells organisms that die, nec- 
essary define the criterion death and state 
whether occurred immediately was delayed. 

are administered certain types eggs before 
cleavage has occurred (these experiments were 
actually done using the eggs the the 
egg can absorb 72,000 and still divide. How- 
ever, 400 given the same stage, death 
will occur before the gastrula formed. 

stating the lethal dose for any tissue, then, 
necessary define the type lethal action 
cells die some time after the irradiation, the 
duration the latent period well the 
condition the tissue during the latent period 
must also clearly defined. 


Inhibition 

Injury cells that less severe than lethal 
can also measured. X-rays and gamma-rays 
can simply inhibit the growth plants. For such 


study would required that irradiated roots 
and nonirradiated roots similar kind 
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grown together. The inhibition growth due 
irradiation can then estimated. This same 
technique applicable growth tissue cul- 
tures other systems where suitable criterion 
damage can realized. 

Injury produced x-rays can also meas- 
ured the extent the percentage inhibition 
mitosis (cell division) one experimental 
system. such measurements the number 
mitotic figures irradiated preparations com- 
pared with the number unirradiated cultures 
the same kind. 


Genetic Injury 


measurements the genetic action 
x-rays gamma-rays, Drosophila (fruit flies), 
corn, Tradescantia plant called “Wandering 
Jew”), mice are generally used. typical 
experiment with flies, adult male irradiated 
and allowed mate. The offspring this mat- 
ing, the generation, are then mated and the 
generation produced. The percentage 
flies that show mutations, corrected for nor- 
mal mutation rate, then the measure action 
the radiation. 

There have been many other methods used 
evaluate the nonlethal effects irradiation. The 
above examples are given only show few 
methods. Other methods will discussed 
detail later section. 


Simple Dose-Effect Relations 


The relation between energy absorption and 
the magnitude biological effect has been the 
object great deal There are many 
biological effects irradiation that follow 
simple dose effect relationship. For example, 
radiation induces delay cell division cer- 
tain tissues the eye. This delay cell division 
varies proportion the radiation dose from 
4000 Observations this type and 
also the simple effect time delays the de- 
velopment injury other end-points have 
not been successfully interpreted date. 
the effort complete the interpretation such 
observations that occupies the time many 
radiobiologists today. 
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“If one has macroscopic (easily observed 


-event that may used indicator radia- 
damage, one may then study radiation dam- 


age the simple way just determining the 
frequency distribution the macroscopic effect 


given irradiated population. 


Dose Response 


the simplest possible case each unit amount 
radiation absorbed will produce equal dam- 


‘age. Each separate amount radiation seems 


act independently and therefore the effects are 
additive. There therefore “equal dose equal 
relationship. 


the more complicated case may that 
successive equal doses radiation are given 
the damage done greater than would ex- 
pected. One must then conclude that the effects 
are compounded and each additional dose ra- 
diation adds some latent effect earlier 
exposure. Should this “equal dose unequal re- 
sponse” the case, necessary obtain 
additional information studying the effects 
divided doses one wishes obtain 
interpretation. 


Now, the damage follows the simple rule 
“equal effect for equal dose,” one 
led the following result. Suppose that cer- 
tain amount radiation produces the event 
under consideration per cent the popu- 
lation. Then additional equal dose would 
produce the event another per cent the 
remaining population (90 per cent). third 
additional dose would produce the effect 
per cent the remaining per cent which 
remained unaffected after the second dose and 
on. 

This situation produces Poisson distribution. 
matter fact, this exactly the type 
distribution for any sequence events where 
each action independent all other actions 
the same kind that are going fixed 
population. 

indicate the number organisms ex- 
posed irradiation and the number 
organisms which remain normal after exposure 
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Fig Dose response relationship. 


say that the frequency the failure respond 
irradiation varies function the dose 
according the law 


N(D) 


this may written 


one now plots this information shown, then 
lamda (A) the “rate action” the radiation 
and equal the slope the line the semi- 

the occurrence some event attributable 
radiation behaves the manner shown, 
say follows exponential dose-action dose- 
response curve. 

Under certain conditions number similar 
events may occur the same organism. For 
example, numerous chromosome breaks may 
appear one cell. The fraction cells which 
remain normal and show chromosome breaks 
will follow exponential dose response curve. 
follows logically that the occurrence cells 
that show more breaks should relate 
the occurrence breaks the same way; 
that is, should follow Poisson distribution. 
This result seen true certain genetic 
experiments, and after long times radiation 
the total frequency breaks per cell 
come larger than fact the number breaks 
per cell will directly related the total dose 

The lambda this equation the same 
that seen the previous equation and 
efficient that can called the “rate action.’ 
This coefficient reality probability and 
introduced purely empirical constant. 
more substantial understanding the 
cance lambda requires understanding 
the mechanism action radiation. 

one can define the parameters that control 
the “rate action,” one should then able 
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Fig Types dose response curves. 


decide what factors are important the effect 
radiation biological system. what 
follows, attempt will made see what 
known about how can defined. 

understand the simple exponential dose- 
the exponential form follows for only limited 
range holds over very wide range down 
very low doses. Some experimental curves 
the survival unicellular organisms follow 
exponential form down toa small fraction sur- 
vival. This indicates that there must very 
significant homogeneity population with re- 
spect radiation resistance. other cases the 
semi-log plot flatteas low level, thus indi- 
cating that small proportion the initial cell 
population displays some special resistance 
irradiation. 

given biological event has different values for 
different groups throughout the population, then 
the simple exponential curve would have defi- 
nite upward curvature and would not simple 
straight line, nor would simple the 
two-step curve. These three effects are shown 
diagrammatically the accompanying figures. 


Theoretical Considerations 


The significance the exponential dose-re- 
sponse curve depends upon whether the response 
occurs very small doses. The reason for this 
follows: The concept fixed probability 
for radiation action implies that there finite 
chance detecting the occurrence event 
due the radiation, matter how large the 
population examined how low the dose 
other words, each bit radiation 
even down single particle photon must 
capable producing observable effect. 

The use lethal action measure test 
the above hypothesis not very satisfactory. 


Very small lethal effects radiation cannot 
measured accurately under normal circumstances, 
since count the number not 
killed rather than the number that are killed. 
other words, one must score the nonoccurrence 
rather than the occurrence event and this 
becomes complicated. 

the other hand, genetic effects can 
measured accurately even exceedingly low 
frequencies such 100,000 for fruit flies 
10,000,000 for because the 
frequency positive effects scored directly. 
For many classes mutations changes 
chromosomal make-up investigated this way 
the dose-effect curve follows the exponential 
form down very low 


Effective Volumes and Effective 


far “rate action,” has been considered 
the probability producing certain observ- 
able event some kind organism for each 
unit dose radiation. Under this circumstance 
the “dose” radiation should indicate gen- 
eral the actual amount energy dissipated per 
unit volume material. While this view 
radiation dose useful, should remembered 
that only one the ways that energy dis- 
sipation may viewed. 

Energy dissipation have discussed ap- 
plies all types radiation. not related 
the kind radiation that one considers, nor 
there need relate energy dissipation the 
exact mechanism the physical action the 
radiation biological systems. For this reason, 
one can relate the number biological events 
caused radiation the number primitive 
elements radiation (particles photons, ac- 
tivations ionizations). 

Consider again the equation for exponen- 
The exponential term must dimension- 
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less. For this true the constant must 
have units which are the reciprocal those used 
for the dose. defining the dose radiation 
different ways, one may then obtain different 
meanings for the rate action, 

For example, one refers dose mono- 
chromatic x-ray terms the number pho- 
tons energy absorbed, the rate action then 
represents the probability the occurrence 
the biological effect observed per photon 
energy absorbed. the photon now considered 
absorbed some unit volume material, 
then represents the probability occurrence 
the biological event per photon energy 
absorbed per unit volume material. 

see how such concept works practice 
consider the following example. 

has been shown that the probability bac- 
terial “killing” ultraviolet light equals 
for every photon absorbed bacterial 
matter. Since the photons are absorbed ran- 
dom, the death particular bacterium has the 
same probability the absorption one photon 

This volume called the “effective volume” 
for killing the specific bacterium under the set 
specified conditions. 


this way the rate action expressed 
“effective volume” for the production the 
biological “event” under consideration for the 
“average activation.” The ringer this whole 
system, course, that which has already been 
discussed; namely, the estimation the average 
energy the activations that occur tissue. 

one now chooses represent the dose 
radiation terms the charge flux within the 
material instead energy absorbed per unit 
volume, the rate action represents different 
probability. possible determine the num- 
ber particles charge that cross unit area 
within the material under consideration. 
knowing this flux and the number biological 
events that result from the energy absorption, 
one can calculate the size area which 
crossed particle with probability equal 
the probability occurrence the biological 
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event under consideration. example this 
the frequency “death” bacterium coli 
caused polonium alpha particles. has been 
observed experiment where bacteria were 
irradiated with polonium that there one death 
per 108 Therefore, the chance 
killing effect equals the chance crossing 
front alpha particle beam. area this 
size called the “effective area” the “effective 


cross section” for the specific killing effect 
the specific form energy 
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Target Theory 


far the factors discussed not require that 
any particular theory action assumed 
describe the phenomena radiation effects. 
physical parameters that have been observed 
measured conjunction with the action 
radiation. 


formalize our knowledge into new situations. 
Two principle efforts this direction have been 
made and the efforts have been formalized 
the names “Target Theory Action Radia- 
tion” and “Indirect Theory Radiation.” 


The relation between these two operational 
concepts may thought terms model. 
Assume that have sphere unknown 
make-up suspended water medium. can 
observe that when energy applied the sys- 
tem the sphere broken. Now the sphere could 
have been broken least two mechanisms. 
The energy could have passed through the walls 
the containing vessel, then through the water 
and have interacted directly with the sphere 
fashion that could fracture the sphere (target 
However, also possible that the 
energy could have interacted with the walls 
the container, have set pressure waves 
fluid and have fractured the sphere 
tion secondary force (indirect theory 
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Admittedly the model artificial and over- 
simplified and the problem only break 
the unknown sphere, makes little difference 
which the correct mechanism. If, however, 
our purpose learn something the char- 
acteristics the sphere and something the 
nature the energy used, then detailed knowl- 
edge the mechanism breaking the sphere 
essential our understanding. 


The same problem exists radiobiology. 
attempt understand how radiation works 
biological system makes necessary under- 
stand the evidence that the “target 
theory” and the “indirect action theory” action. 
Also necessary have some feeling for the 
consequences acceptance any theory. 

what follows attempt will made 
discuss the basis and the implications both 
the target theory action and the indirect 
theory action radiation. When the indirect 
action theory discussed, will prove necessary 
discuss some detail the action radiation 
water and inorganic substances. This discus- 
sion should serve least two purposes: (1) 
because all biological systems contain both large 
amounts water and some inorganic substances, 
action radiation both these systems must 
always kept mind; and perhaps more im- 
portantly, (2) should illustrate that radiation 
has certain actions that are the same matter 
what the medium study is. say this 
another way, all knowledge action radia- 
tion, matter what the source, must re- 
viewed and kept constantly mind for the in- 
terpretation the biological action radiation. 
While each individual fact may not interpret- 
able terms biological system, the back- 
ground information must always available. 


One factor that has been coming progressively 
more clear modern biology that observable 
macroscopic biological phenomena are directed 
submicroscopic structures found 
within the animal. Examples this are seen 
the action genes, the action vitamins and 
the action hormones. each case there 
macroscopic event controlled submicro- 
scopic structure substance. Because this 
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seems reasonable that the chance eventual 
observable event occur particularly high 
whenever activation ionization occurs 
within very near the key elements 
organism. put this another way, would 
seem reasonable assume that charged particle 
that crosses the nucleus much more likely 
produce genetic effect than particle which 
crosses the cytoplasm only and misses the 
nucleus. 

the formulation the target theory one 
must assume that definite biological effect, 
such gene mutation even death cell, 
results whenever ionization occurs within 
some well-defined submicroscopic structure such 
gene. According the target theory, the 
structure itself constitutes “sensitive volume” 
whose size coincides with the “effective volume” 
for production the effect ionization. 


Calculations have been made which point out 
that ionization within group about 1000 
atoms may produce specific mutation fruit 
fly sperm from eosin white eye color the 
adult from such estimates 
that that the opportunity arises for determining 
the size the key microscopic structures from 
radiobiological investigation. 


There have been many extensive studies the 
dose-effect curves under variety conditions. 
Many these results have been generally con- 
sistent with the theory. The main difficulty with 
this work has been that the experiments have not 
been crucial nature and lend only passive 
support any 

the meantime, much the indirect evi- 
dence that has accumulated unfavorable the 
target theory. the randomness biological 
effects depends primarily the random location 
the primary actions, the correlation between 
these random events should fixed primarily 
the geometry the key structures the organ- 
ism. other words, the slope the dose-effect 
curve should independent environmental 
factors such temperature the biochemical 
condition the organisms. shall see later 
that this not always the case. 

should pointed out that the demonstrated 
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Fig Sigmoid survival curve. 


influence any one environmental factor may 
interpreted from the standpoint the target 
theory simply adapting the working model. 
However, the repeated accumulation evidence 
that requires special interpretation, certainly 
detracts from the attractiveness the working 
hypothesis the target theory. 


Sigmoid Dose-Effect Curves 


Most the dose-effect curves that have been 
obtained are sigmoid shape. The initial flat 
portion the curve indicates that observable 
biological effect detected until certain 
amount radiation has accumulated. 


One would think should possible 
detailed analysis this curve provide infor- 
mation the accumulation radiation 
system prior the occurrence biological 
effect. practice, however, such analysis has 
not yet been possible. 


From the standpoint the target theory, 
effect which follows sigmoid curve can 
visualized resulting from definite number 
latent “single hit” effects that must occur and 
must prerequisite the appearance the 
biological indicator used assess radiation dam- 
age. For example, one uses recombination 
chromosomes indicator radiation dam- 
age, observed that the recombination 
follows sigmoid curve. However, before re- 
combination can occur, the chromosomes must 
first broken. These single breaks the 
chromosomes, required before recombination 
can occur, follow exponential 


cases where there direct evidence 
regarding the nature the prerequisite “single 
hit” effects that are required precede bio- 
logical action, the model suggested the target 
theory represents only uncertain speculation. 
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Time-Intensity Studies 


far have considered the dose radia- 
tion given experiment though were all 
supplied single time. have not considered 
the possible influence the rate administra- 
tion upon the eventual effect choose 
observe. 

Actually, equal doses can delivered very 
short and intense packets over long periods 
time very low intensity. example, 
one can deliver dose 10r x-rays less 
than one microsecond. 10r corresponds ap- 
proximately 1000 ergs/g tissue and has been 
shown have definite biological effect under 
certain conditions. This same dose can de- 
livered steady rate weak gamma ray 
emitter over period weeks, months even 

one can control the distribution radiation 
over the course the experiment, presents 
principle opportunity for investigating the 
mechanism radiation effects. Such studies are 
referred studies the “time-intensity fac- 
tor” simply the “time 

There are two general approaches that have 
been used for the study this time factor. (1) 
The most commonly followed practice keep 
the intensity irradiation constant throughout 
each experiment and then vary the exposure 
series experiments inverse proportion 
the duration the treatment. (2) second 
method that each treatment may fraction- 
two possibly more, short, high in- 
tensity doses and the interval between the doses 
varied series experiments. 


the separate photons packets energy 
from the radiation contribute independently 
the observable effect would required the 
target theory, one should course not expect 
find influence the time factor. terms 
the exponential dose-effect curves, the impli- 
cation that the curve truly exponential, 
then the effects irradiation are independent 
the rate delivery the irradiation and 
hence independent time. many examples 
this exactly the effect that observed. One 
must course know that the physiological prop- 
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erties the treated organism remain constant 
during the period time the radiation effects 
are studied. For example, the sperm 
fruit fly remain constant condition for 
periods about one month. During such 
period, equal doses irradiation variously dis- 
tributed during this period produce equal genetic 
If, however, equal doses are continued 
for period over one month, the sperm cells may 
die from causes totally unrelated the radiation. 


one considers dose-effect response that 
follows sigmoid shape instead ex- 
ponential shape, the time factor may very well 
importance. few cases that have been 
investigated, the relationship between the time 
factor and the mechanism origin the bio- 
logical effects seems fairly clear. One example 
this the case where two separate breaks the 
chromosome Here seems plausible 
that the two breaks may not combine yield 
the final rearrangement they arise two dis- 
tant instants time. That say, two sep- 
arate breaks may not recombine they occur 
more than few minutes apart. this way, 
given dose may become less effective 
spread over long period time. 


Indirect Theory Action Radiation 

are concerned with the investigation 
systems, necessary remember that biologi- 
cal systems are approximately percent water. 
Hence one led immediately consideration 
irradiation water aqueous systems and 
from this the postulation that radiation may 
affect biological systems through its action 
water. 


Two possibilities then arise: 


(1) molecular ion may formed be- 
cause sufficient energy has been absorbed the 
molecule displace electron, 

(2) The molecule may left with higher 
level electronic energy but still unionized. 


and Free Radicals 


general, one may say that practically all the 
energy given the charged particle must 
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appear either energy ionization excita- 
tion. The amount energy produce ioniza- 
tion called the “ionization potential” and has 
been measured for many compounds. one con- 
siders ionization gas, would appear that 
the amount energy given per ion formed 
the gas usually about twice great the 
ionization This means that about 
half the energy given must into excita- 
tion, and hence ionization and excitation are 
generally about equal importance 
The excited states discussed here are the same 
those have disscused under fluorescent ab- 
sorption. The molecules formed will undergo all 
the reactions one normally studies for excited 
molecules photochemistry. Photochemical re- 
actions general occur because the energy 
the molecule excited state usually 
greater than the energy the chemical bonds 
the molecule. Therefore, proper rearrange- 
ments the electrons, the molecule may dis- 
associate break into fragments. These excited- 
molecule reactions will always occur when high 
energy radiation passes through matter. 


may also give rise chemical effects such 
those have just discussed. These chem- 
ical effects may arise from (1) dissociations 
ions, (2) reactions ions with other molecules, 
and (3) the dissociation molecules upon neu- 
tralization positive and negative ions when 
are right for the total ionization po- 
tential energy made available for bond 
breakage. Molecular dissociation may then 
produced both ionization and excitation. 

one considers molecular dissociation for 
large organic molecules, the dissociation may 
result the formation stable product mole- 
cules. For example, one may irradiate acetic 
acid, then For small 
molecules, however, small stable forms into 
which the molecules can disintegrate not 
exist. Therefore, such molecules water will 
with small molecules the first result disso- 
ciation often form incomplete molecules 
called free radicals. These free radicals are very 
highly reactive and will set train chem- 
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ical reactions that will continue until stable 
chemical system finally 


Gas Reactions 


understand little better about the action 
free radicals, let consider the problem 
ion production gases. will then 
see how some these factors hold liquids. 


The ion pair yield may defined the 
ratio M/N where the total number mole- 
cules reacting and the number ioniza- 
tions However noted above, 
excited molecules may also undergo reactions. 
Hence one might expect that the ion pair yield 
would greater than This found experi- 
mentally many gas 


the other hand, there are reactions that 
occur which the ion pair yield less than 
one. One such reaction the decomposition 
ammonia. such reactions this, the low 
values ion pair yield may explained 
the basis recombination the free radicals 
formed give the original molecules back 
again, hence being removed and not counted 
radicals formed.” seems almost certain 
gas reactions that for each ion produced 
gas, several molecules will eventually dissociate. 
This another way saying that ion pair 
yields unity have real significance. Be- 
cause the complicated secondary processes, 
the ion pair yield depends upon many variables, 
and even the walls the vessel may exert var- 
iable effects. Another factor considered 
the problem back reactions. molecules 
can broken high energy radiation, 
they can also formed. other words, the 
decomposition and formation will reversible 
nature and the reactions may made 
either direction. sufficiently long irradia- 
tion then, one would expect these systems 
approach equilibrium least reach 
steady state which the rate the reaction 
the opposing directions are equal and there- 
fore net change ion concentration ob- 
served. Sometimes this steady state lies very far 
toward one side the reaction. For example, 
CO, decomposes very little under radiation. 
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Also, with water vapor, some hydrogen and 
oxygen are formed but these molecules rapidly 
recombine. This recombination thought 
accelerated because the molecules are attacked 
free radicals formed the dissociation 
the water 


Liquid Reactions 


Liquids differ from gases many respects, 
but one elementary difference that the mole- 
cules liquid form “liquid structure”. 
electron one part this structure 
affected other electrons other the 
structure will show some response. Therefore 
molecules liquid solutions are more easily 
ionized than molecules gas solution. One 
would then postulate that for given amount 
energy absorption, more molecules would 
affected solution than would gas. 
Because there way determine the num- 
ber ions and excited molecules formed 
the irradiation liquid, the above statement 
must remain postulation. Even noncunduct- 
ing liquids such hexane heptane where 
one can show conductivity after radiation 
proving that ions are formed, there con- 
tinuously increasing current with increasing 
voltage and limiting value obtained.* 


Irradiation 


water the situation even less well de- 
fined. Water, generally encountered 
with ion impurities, natural conductor. 
Hence the change conductivity expected 
from radiation completely masked. addi- 
tion this, water can behave though whole 
groups molecules are hooked together 
one unit, and these groups form asso- 
ciated liquid that may act the excitation 
process. About the best one can assume 
that the energy produce ion the same 
not then taken literally, but nevertheless are 
value that they would express the density 
energy release along the track the radia- 
tion. 
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Molecules water the liquid state, just 
the gas, dissociate into free radicals under 
irradiation. Materials dissolved highly aque- 
ous solutions react rapidly under x-rays. This 
indicates that long-lived “activated water” 
formed the radiation and this “activated 
water” turn brings the molecules into chem- 
ical unlikely that active species 
other than the free radical would have half- 
life long enough reach all dissolved molecules 
highly dilute solution. The simple ion 
which would expected formed 
least part very unstable under normal 
conditions and must dissociate into and 
also true that the free electron ejected 
the ionization form H,O* must react with 
This the same reaction that one 
obtains normal electrolysis 

Because water may act associated liquid 
possible for groups molecules act 
together the excitation process. This would 
make possible the direct decomposition form 
stable molecules, and would lead reactions 
reactions are more likely with denser ionization. 
With denser ionization, radicals should 
formed close together along the track radia- 
tion. This would increase the probability the 
radicals, reacting with one another give hy- 
drogen and hydrogen peroxide such reactions 
the radicals are formed high density, such 
reactions could occur before radicals could 
diffuse out the track and into the main 
body the solution. would appear then that 
solutions would behave though two primary 
processes were occurring simultaneously: 


= H.O, H, 
far this has been theory. What actually can 


observed the irradiation water and 
water decomposition? Alpha particles decom- 


radicals will written without charge sign, 
while ions will include charge sign. Hence will 
the hydrogen free radical and will the 
hydrogen ion. 
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pose water with yield two molecules 
hydrogen per 100 absorbed. Other heavy 
particle radiations that are somewhat less dense 
ionizers (deuterons and pile radiation) also 
decompose water but with yield smaller than 
all these cases the apparent initial re- 
peroxide would decompose oxygen the 
final reaction would appear the formation 

With x-rays fast electrons there small 
amount decomposition water even pure 
water. This decomposition slows down stops 
when the pressure hydrogen over the water 
would correspond concentration just 
few micromoles hydrogen dissolved per 
The leveling off this reaction can 
explained introducing the concept the 
back reaction. The back reactions that occur 
would simply the recombination products 
into water, the original starting material. 
light this view the differences observed be- 
tween alpha particles and x-rays are simply that 
the steady state concentration products such 
are much higher for the 
alpha particles, while with x-rays the back reac- 
tions have resulted the formation more 
water and destruction the other products. 

The mechanisms the back reaction fairly 
simply understood terms free radical 
theory. The free radical must reduce 
and the must oxidize the acording 
the equations: 


=H,O+H 


These reactions constitute self-perpetuating 
chain that there only one radical needed 
reconvert many molecules product into 

partial summary then the irradiation may 
understood terms two simultaneous pri- 
mary processes. The products are formed 
OH. When alpha particles are involved, the 
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ionization along the track dense, the radicals 
recombine before they can solution 
and steady state and high. 
When x-rays beta particles are involved 
ionization along the track small, radicals can 
diffuse before they recombine and the back 
reactions become important. result the 
steady state concentrations the products 
lower. particles intermediate energy re- 
lease are involved, the steady-state concentration 
products will intermediate. 


Irradiation Water Plus Inorganic Solute 


What has been said far has been about 
water only. one considers solutions, ob- 
served that the steady state pressure products 
formed greatly increased dissolved sub- 
stances. Even suspended glass will raise the 
steady state level products. This simply 
because dissolved substances react with free 
radicals and prevent them from reacting with 
the hydrogen capable 
existing either reduced oxidized state, 
say and xOH, and may react the 
following ways: 


each set reactions the net result 
ing, the not broken down and hence 
serves product high concentration. 

Good evidence for the mechanism discussed 
given studies x-irradiation solutions 
neutral bromide iodide. such studies 
appears that the bromide iodide not itself 
oxidized the x-rays, but apparently causes 
decomposition water and This 
does not occur the absence the solute. 
This evidence may explained one assumes 
that the bromide ion suppresses the back reac- 
tion reacting with radicals according the 
scheme discussed above. such study the rate 
which the produced that. with 
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which formed directly along the radiation 
track, since would destroyed.” 

the cases discussed, the inorganic ions had 
the superficial appearance catalysts the 
sense that they themselves were not changed. 
This not always the case. Various reducing 
been found oxidized dilute aqueous so- 
The interesting point here that the 
yield always the same independent the 
solute concentration. When these results are 
compared the experiments with bromide and 
iodide, can shown that the yield obtained 
the oxidation the same the yield 
with iodide bromide solutions. 

From rather intensive analysis the results 
experiments which aqueous solutions 
both oxidizing and reducing agents were irra- 
diated, has concluded that with x-rays 
least percent the decomposition 
water goes the equation OH. 
About percent the decomposition goes 

With this mechanism established work 
with inorganic ions, one can interpret results 
interest the biologist. For example, inacti- 
vation the enzyme carboxypeptidase dilute 
solution only percent large for alpha 
particles for equal amount energy 
the form This reaction presumably 
results from the radicals formed. may con- 
cluded then that with alpha particles only 
small part the reaction occurs the reaction 
OH, and the main, effective pri- 


Irradiation Water Plus Large Molecules 


Since the biologist very often concerned 
with large molecules, should interest 
see where the logic and reasoning that has 
been followed far will lead when applied 
large solute molecules. With small molecules 
the amount reaction found linear with 
dose. This can expressed —ds/dr 
where the yield, the concentration 
solute and the dose kiloroentgens. When 
one studying large molecules, necessary 
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measure some functions that the molecule 
performs, one see whether not the 
molecule active affected. One such func- 
tion some protein molecules enzyme ac- 
tivity. This activity associated with some par- 
ticular part the protein molecule and makes 
the molecule behave catalyst. The 
principle part the 
reacts just readily with 
after its enzyme activity lost de- 
stroyed. The rate reaction the radiation 
such system must still independent 
time, but the chance that the reaction will pro- 
duce observable enzyme inactivation pro- 
portional only the number active mole- 
cules remaining that the rate becomes 
rial initially present. Upon integration this 
yields exponential reaction-dose curve. The 
general rule that can deduced from this 
that for small molecules there linear dose- 
survival and for large molecules 
there may exponential dose-survival rela- 
tionship. 

Before leaving this topic, desirable 
list the possible products ionization water 
ionizing radiations. Some examples these 
reactions will found from time time 
further discussion. 


—primary recombination 

HO, 

HO: 


Comparison Direct and Indirect 
Theories Action 


The development the concepts just dis- 
cussed constitute the basis the “indirect ac- 
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tion” theory ionizing radiations. This “in- 
direct action” theory based the formation 
intermediate agent (activated water, 
radicals and atoms) which turn acts 
the solute molecules. This now leaves with 
the original concept direct dissipation en- 
ergy within molecule (the target theory) 
compared with the idea energy dissipation 
through intermediate. 

The deactivation the enzyme system that 
have mentioned earlier could occur 
the direct absorption energy some spe- 
cific loci the molecule the action 
intermediate formed from the radiation. The 
exponential shape the inactivation 
fit for either mechanism. The exponential rela- 
tion found for any one concentration 
organic solute does not alter the basic propor- 
tionality between x-ray dose and the effect. This 
basic proportionality must varied study- 
ing series solutions which the initial 
concentration solute has been varied. Only 
with experiments this kind possible 
decide whether the action the radiation 
direct indirect. 


Dilution Effect 


different initial concentrations are used for 
found that the number solute molecules 
changed for given dose x-radiation in- 
dependent the initial concentration solute. 
Saying this another way, the ionic yield (M/N 
where the number molecules changed 
and the number ion pairs formed) 
independent the initial solute concentration. 
This then means that the percentage change for 
given x-ray dose higher the more dilute the 
initial concentration. The converse also true 
that the x-ray dose which produces given per- 
centage change increases with increasing initial 
concentration. consequence this, one 
may expect that when dilute solution the 
enzyme irradiated x-ray dose which 
sufficient inactivate the greater part the 
enzyme, concentrated solution would seem 
practically unchanged when irradiated with the 
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same dose x-ray. This phenomenon gen- 
erally known the “dilution 

the radiation were act directly the 
solute molecules without the benefit inter- 
mediate agent such radicals, the proportion 
solute molecules changed chemically would 
remain constant, that is, independent the 
initial concentration. 

Experiments with the enzyme carboxypepti- 
for which the analytical method 
very good, have shown that below certain low 
concentrations the radiations become less and 
less efficient the more dilute the solution. 


Protection Effect 


high dilutions the solute molecules were 
widely separated the radicals would have bet- 
ter chance colliding with each other than 
they with solute molecule, and protection 
would occur. However, there were slight 
traces impurities the solution, this im- 
purity could act second solute which would 
active competition with the enzyme for 
the radicals formed and protection would also 
occur. This would then reduce the effect the 
enzyme for the radicals formed and turn 
would reduce the effect the enzyme mole- 
cules. This similar the effect seen pay- 
ment stock dividends. given amount 
money distributed, there less money 
for each stockholder the number stock- 
holders increase. With radiation this competi- 
tion will then more effective the lower the 
concentration the original solute relative 
the impurity. This effect leads to, and fact 
part the “protection effect” that observed 

With two more solutes solution, all as- 
sumed able interact with the radicals 
available, there competition between the 
solutes for the available radicals. should 
obvious from this that there would fewer 
radicals for reaction with any given solute than 
there would that solute were present 
itself. result this, the radiation effects 
each single solute mixture reduced 
and the solutes appear “protect” each other. 
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Such protection varies with the amount each 
solute present and also with the relative capa- 
bilities each solute acceptor for the 
radicals. 

sense, the exponential relationship be- 
tween chemical change carboxypeptidase and 
x-ray dose mentioned earlier example 
the protective effect. Actually, only one type 
molecule was originally present, namely ac- 
tive enzyme molecules. the action radia- 
tion the originally active molecules lose their 
activity and become second kind solute 
molecule, inactive protein molecules. This sec- 
ond kind solute molecule still competes for 
radicals, but the reaction not measured, since 
the criterion the radiation effect enzymatic 
activity. 

illustrate the protective effect more com- 
pletely, should discuss some specific experi- 
ments.2* The enzyme D-amino acid oxidase, 
like all enzymes, protein molecule that acts 
Catalyst given reaction. The reaction 
catalysed this enzyme given the follow- 
ing equation: 

enzyme 


(amino acid 


NH; 


(keto acid 


The enzyme action very specific the sense 
that will only work so-called “unnatural” 
D-amino acids whose structure such that 
they will rotate plane polarized light the 
right (dextrorotatory configuration indicated 
D). The actual enzyme not simple protein 
but rather must have auxiliary unit that as- 
sists the activity. This auxilary unit called 
“prosthetic group”. The prosthetic group, the 
specific protein, and the substrate (the amino 
acid that changed called the substrate) 
not have any activity individually. However, 
the three are mixed together there activity 
with the amino acid undergoing change. the 
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process the change oxygen consumed and 
the system said respire. The activity the 
system can measured simply measuring 
the amount oxygen consumed. When the 
active enzyme acts the substrate D-alanine 
(an amino one can then measure the ac- 
tivity simply measuring the uptake oxy- 
gen. this way the oxygen uptake the entire 
system represents the activity the enzyme 
system. one now irradiates the prosthetic sub- 
stance alone, and also solutions the prosthetic 
substance the same concentration, together 
with different concentrations some protective 
substance (say substance leucylglycine which 
two amino acids are hooked together and then 
introduces this irradiated substance into the en- 
zyme system, seen that the oxygen uptake 
decreases with decreasing concentrations the 
protective substance itself. 


This experiment then shows the protective 
effect, and addition shows that the pros- 
thetic group which not enzyme can 
affected radiation. The dilution and the pro- 
tection effect have only recently been investi- 
gated. Experiments biologically active sub- 
stances carried out previous the elucidation 
these factors (some 10-15 years ago) may 
complicated the failure consider these 
concepts. 

For many years enzymes were thought 
too radioresistant account for any the ef- 
fects radiation, since such large doses were 
needed cause any effects the enzymes. 
long experiments were performed impure 
extracts from tissues (an unawareness the 
protection effect) and with too concentrated 
solutions (an unawareness the dilution ef- 
fect), the true radiosensitivity enzymes was 

The use crystalline purified enzyme 
recent times has shown that quite small doses 
x-rays the order few hundred roent- 
gens could, under certain conditions, partially 
inactivate the 


Abnormal Relations 
Concepts the indirect action radiation 
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can deduced from the inactivation en- 
zyme and the oxidation ferrous iron. The 
characteristic feature the indirect action con- 
cept, namely that the yield independent 
the concentration over wide range concen- 
trations, does not always hold. number re- 
actions have become known which the yield 
very much dependent the concentration 
the solute. Examples such reactions are the 
inactivation trypsin digestive enzyme) 
and the deamination removal the amino 
group from amino acids. 

the amino acid glycerine irradiated 
solution, the ammonia liberated increases con- 
tinuously with irradiation. There sign 
leveling off, even the highest concentration 
amino acid, its limit solubility. 

This deamination ammonia formation rises 
contrasted with the constant ionic yield the 
enzyme carboxypeptidase 0.18 down much 
lower doses. should recalled that the 
case carboxypeptidase was concluded that 
all radicals reacted with the enzyme molecules 
rather than with themselves all concentra- 
tions above 0.1 percent protein. 

With the amino acid serine appears that 
there tendency for the yield-concentration 
curve level off higher 
The explanation the difference between the 
radiation effect deamination and the inacti- 
vation enzyme simply not understood 
present. However, may useful discuss 
some the factors that may involved. 

The irradiation amino acids character- 
istic for its high ionic yield, that above 
For enzymes the ionic yield low, being ap- 
proximately 0.18 for carboxypepidase while 
for trypsin percent solution about 

Since appears that for large biological 
molecules the maximum ionic yields are much 
lower than for deamination reactions, may 
venture guess that collisions active radicals 
with large solute molecules not always lead 
the specific change (loss enzyme activity 
that may investigating. 
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has been suggested that may 
necessary for there special orientation 
the solute molecule and the radical achieve 
inactivation. this then any collision 
nonoriented partners may lead elimination 
the radical and some change the solute 
molecule but not inactivation. would ap- 
pear therefore that the shape the yield- 
concentration curve linked the fate the 
radical. Any elimination destruction 
radical through reactions irrelevant regions 
the solute molecule will favor the attainment 
consistency the ionic yield down low 
concentrations the solute. 

there are collisions the radicals with 
solute molecules that leave the two partners 
unchanged, will favor recombination the 
radicals. This would result curve that shows 
shift constant ionic yield higher con- 
centrations solute. should pointed out 
that the orientation concept only one what 
may several ways interpret the results. 


While the considerations have made may 
relevant the shape the yield-concentra- 
tion curve, they certainly not explain why 
the ionic yield deamination high. 

frankly not know the answer this 
but can guess. every collision any ac- 
tive radical with solute molecule led 
chemical change that could detected, the 
number changed solute molecules would 
equal the number radicals formed. From 
this one could decide how many radicals can 
formed any particular dose radiation. Ac- 
tually, the situation far more complex. Back 
reactions and chain reactions can interfere. 

The estimate has been made that three radi- 
cal pairs can formed from the absorption 
energy corresponding the production 
one ion pair (approximately 32.5 ev). Some 
estimates have put the value three. This 
would include radicals formed excitation 
and charge neutralization well ioniza- 
tion, and would appear the upper limit 
possible. this way the ionic yield could 
three only one type radical involved and 
would six two types are involved. This 
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assumes that radicals are lost recombina- 
tion back reactions. Yields very high 
order magnitude can also explained 
terms chain reactions. 


Summary Comparison 


partial summary can now compare the 
direct and indirect action radiation. gen- 
eral, one might say that the indirect action 
theory generalized form the direct action 
target theory. 

The target theory its narrowest interpre- 
tation requires that the critical ionization from 
the radiation must occur very near criti- 
cal molecule within the biological system con- 
sidered. The indirect theory simply enlarges the 
“target” the whole system under investiga- 
tion. this theory radiation forms active 
molecule which turn affects the critical struc- 
ture the biological system. 

Probably both modes action occur. How- 
ever, the indirect theory more flexible its 
interpretation and need not require ionic 
yield does the direct theory, obtain 
exponential dose-response curve. When the 
active radical formed near the critical struc- 
ture will affect, appears that the differences 
the two theories disappear. This only super- 
ficially true, however. For example consider the 
experiment which fracture chromosome 
results from the action the radiation. 
direct hit irradiating particle needed 
for the rupture, very little learned beyond the 
fact that the rupture has occurred. However 
the break ocurs result series chem- 
ical phvsical reactions triggered the radia- 
tion, understanding the mechanism might 
well lead better understanding chromo- 
some structure and chemical composition. 


LINEAR ENERGY 


When cell organism exposed any 
high-energy radiation, ions and excited mole- 
cules are clumped localized along the track 
the particle. The effect then has con- 
sidered parameter any consideration 
the mechanism action radiation. 
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The volume the tracks formed constitute 
very small percentage the cell volume even 
when high doses radiation are received. The 
properties the ions and excited molecules 
along the track are independent the prop- 
erties the high-energy particle that used 
and hence are considered the same for all types 
radiation. However, the linear spacing the 
ion pairs and excited molecules along the track 
varies widely with the velocity and the charge 
the particle considered. 

When gases are considered, one generally 
refers the ion pairs formed per unit length 
track the so-called “linear ion density.” 
tissues this quantity not easily deter- 
mined. One must rather determine the ratio 
energy released per unit length track energy 
gained the tissue per ion pair formed. has 
been discussed earlier, this latter quantity has 
never been accurately determined and the best 
one can assume the same that 
found air, namely ev/ion pair. 

one considers only the ions formed tis- 
sue result irradiation, rather limited 
and inaccurate impression obtained, since 
all excited molecules and free radicals are not 
considered. Therefore appears prefer- 
able consider the energy transferred tissue 
rather than the number ions formed. Such 
energy transfer generally refered linear 
energy transfer (LET) and expressed 
thousands electron volts per micron tissue 
This type unit would then serve 
unifying concept that would permit consid- 
eration all types radiation under one theory. 
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The linear energy transfer along 
path varies the square its charge. There- 
fore, the LET from alpha particle four 
times that from proton, deuteron electron 
the same instantaneous velocities. The LET 
also increases the particle’s speed decreases 
because the “Bragg effect.” 

attempting use the linear energy trans- 
fer experimentally, one has the choice two 
general methods for obtaining variation LET. 

The first method called the “track segment 
method” while the second the “track average 
method.” The track segment method called 
because one uses only segment the radia- 
tion track where the spread LET small. 
This, course, requires biological samples that 
are small compared the range the parti- 
cle used because the beam particles must 
transverse the biological specimen and use only 
portions the over-all track. 

The second method allows for the entire 
track spent the specimen. The energy 
transfered along the entire track then aver- 
aged over the length the track. This method 
results wide range LET values. 

With equipment now available the LET can 
varied continuously from about 0.25 
single charged particle traveling the speed 
particle track). There little chance extend 
this range toward the lower end since appears 
that the theoretical limit about 0.2 
the upper end the range one may accelerate 
carbon ions whose LET about four times that 
the alpha particle. Fission fragments have 
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LET about 6000 and may used for 
certain types experimentation. 


should pointed out this time that 
general theory the radiobiological operations 
LET has yet been published. Because 
very complicated subject this perhaps not 
surprising. Even the absence knowledge 
the role played, however, interest 
see what factors are importance when radia- 
tion effects are considered terms LET. 

The effect LET various biological sys- 
tems can shown graphical form (Fig. 9). 

From these graphs clear that the LET 
increases, the relative effectiveness the vari- 
ous radiations may remain unchanged, may in- 
crease, may decrease depending upon the na- 


the irradiated object and upon the effect 


studied. 


most cases where LET had effect, the 
radiations differed mean LET factor 
less. Bacterial spores and fern spores and 
some other forms are independent LET 
effect the LET variable pushed higher. 


This would seem indicate that practically 
all radiobiological responses would found 
dependent LET the range this vari- 
able were wide enough. 


Many additional examples could shown 
for the effect LET biological systems. The 
number shown, however, are sufficient for our 
purposes. The differences the curves given 
indicate that least five distinct mechanisms 
are involved for the nine different effects 
shown. However, four the curves (yeasts and 
spores) are quite similar, thus indicating that 
the same very nearly the same mechanisms 
may operating all these cases. For those 
interested the problems LET, neces- 
sary that future investigations supply additional 
effectiveness curves over wide range LET 
values. this way may possible see 
there are relatively few definitely large 
number mechanisms operating when biologi- 
cal tissues are irradiated with different forms 
energy. 
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BIOLOGICAL ENDPOINTS 


Radiation constant part the environ- 
ment all biological systems. minimum 
life bombarded cosmic rays and from nat- 
urally occuring radioactivity both the body 
and the atmosphere. All these factors com- 
bine form natural “background” radiation 
which sea level corresponds average 
x-ray dose about 0.13 r/year. addition 
there normal body burden radioactivity 
animals and plants. humans the basal level 
radioactivity about the equivalent 

While this “background” radiation con- 
stantly with us, negligible when compared 
with the intensity radiation encountered 
either biological experimentation, when nu- 
clear accidents occur when x-ray therapy 
used. 

When radiation applied experimental 
system, single exposures relatively high dose 
rates are grouped under the term acute. 
ple exposures low dose rates are grouped 
under the term chronic irradiation. Obviously 
the divisions between the two groups com- 
pletely arbitrary and depend upon the choice 
made the individual experimenters. 

All living tissue can killed high 
enough dose radiation used. With some 
forms such micro-organisms the amount 
radiation required this enormous, 
amounting hundreds thousands roent- 
gens for immediate death. With conventional 
equipment such dose would require several 
hours course the term “immediate” only 
relative. Nuclear detonations however, make 
possible produce sufficient energy result 
instantaneous lethality. These very high dose 
levels literally fry any living tissue, thus dis- 
rupting all physiochemical mechanisms. 


Specification Lethal Endpoint 

Lower doses radiation initiate progres- 
sive deterioration the irradiated tissue which 
may not complete for days even weeks 
but which will eventually account for the death 
the material exposed. the sublethal dose 
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range there delay before the full impact 
the radiation observed. This delay inversely 
proportional the radiation dose. The lethal 
dose radiation may therefore measured 
variety ways and may summarize 
these relatively simple manner: 

death the entire cell population 
organism 

(a) immediately (by end 

(b) delayed, independent interval be- 
tween exposure and death provided 
the degenerative process progressive 
and affects all members the popula- 
tion. 

(c) delayed but within specified time. 

population (referred median mean le- 
thal dose, half lethal dose, 

(a) immediately (by end exposure). 

(b) delayed, independent interval be- 
tween exposure and death. 

(c) delayed but within specified time. 

lethal endpoint some specified per- 
centage the population with time measured 
some stage development. 

given population animals irradiated 
with high dose radiation there will 
“normal” (Gaussian) distribution the deaths 
the animals. Therefore some will die early 
while others may never die. Hence, unless very 
high doses radiation are used, there ex- 
treme variability what called the 
“lethal dose.” avoid this complication has 
become expedient decide some fraction 
deaths that aceptable (usually per- 
cent) and then specify the time which this 
number must reached. Hence one may refer 
the dose radiation that will kill one half 
the population days. This written 
50/30. 

the case certain kinds material such 
developing embryos, and even this system 
inadequate describe the effects, the results 
may ambiguous time limit only speci- 
fied. This because such systems are under- 
going very rapid changes which are influenced 
such parameters the temperatures which 
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the experiments are done. these cases 
better specify particular stage develop- 
ment reached before death, instead 
merely stating time interval. 


Specification Non-Lethal Endpoints 
Reactions) 


Reactions radiation which permanent 
damage done are called irreversible changes. 
However all changes are not irreversible. Radia- 
tion damage followed process repair. 
How successful this repair depends upon 
how much damage has been done other 
words how much energy has been absorbed. 
After very small doses radiation, most tissues 
recover fully and behave like normal tissue. 
This seen the irradiation growing tis- 
sues. Here cell division simply delayed and 
then resumed manner such that change 
can observed. After larger doses, recovery 
may appear complete but there may 
some minor changes the character the 
tissue. This type effect seen the ex- 
periment which irradiation the skin 
rat causes temporary baldness. The hair will 
grow again but may another color, for 
example, black hair replaced 
man cases are known which white hair has 
been replaced These changes are 
limited reversible reactions and the changes may 
may not temporary. one uses still 
higher doses radiation, recovery from the ef- 
fects radiation may appear complete 
until some new stress applied the form 
either more radiation some other injurious 
agent. The tissue then seems unable 
resist this stress, and completely breaks down 
and shows changes which are the irreversible 
type. This type reaction sometimes called 
conditional reversible reaction. This particu- 
lar effect great importance radiotherapy, 
since many times person may not disclose the 
fact that has had previous treatment. Then, 
further radiation given the same part 
previously exposed, the consequences might 
serious, although all outward appearances 
the tissue normal and has recovered com- 
pletely from all previous 
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When tissues appear recover from radia- 
tion damage often difficult not impos- 
sible tell whether the individual cell has 
recovered its status quo whether cells ad- 
jacent the damage have simply accelerated 
their activity compensate for the damage. 
Most recovery from radiation damage appears 
accelerated recovery the part non- 
affected cells. 


These examples show that one should use 
caution with such expressions “the biological 
effects radiation.” given cell may differ 
its sensitivity radiation according its water 
content, its metabolic activity, its stage divi- 
sion, and its stage growth, well its age. 
Quite small injuries may lead death cell 
under some circumstances while the same dose 
produces permanent change under other cir- 
cumstances. The living cell capable within 
limits adapting its behavior changes its 
environment including those changes brought 
about radiation. This may done simply 
reducing its normal activity and thereby altering 
its susceptibility further radiation. Then 
the radiation stopped, the cell will regain its 
normal state completely, including its original 
susceptibility radiation. However, also 
possible, according the timing and the cir- 
cumstances the radiation for the susceptibili- 
increased decreased upon recovery. 
Thus series exposures may, according the 
spacing equal more damage than the same 
total dose given single 


SOME RADIOBIOLOGICAL 
GENERALIZATIONS 


possible draw certain generalizations 
concerning the effects radiation living sys- 
tems. with all generalizations, exceptions 
make impossible use them for anything 
except “rule thumb.” Nonetheless such gen- 
eralizations sometimes help over-all picture 
possible mechanism. Toward this end, some 
generalizations are given. 


(1) Simple organisms, particularly one celled 
systems (protozoa) are resistant radiation. 


HUMAN FACTORS 


(2) Complex organisms are more easily af- 
fected radiation than are simple ones. 


(3) given organism, irradiation 
large volume leads greater damage than does 
irradiation limited volume. This apparent 
one considers that single organs the body 
can tolerate ten times the dose radiation that 
would lethal were administered the 
whole body the organism. 


(4) givea organism becomes older, 
becomes less sensitive radiation. Care must 
exercised this generalization applied 
rapidly developing systems such embryo. 
these cases the damage done may related 
the state development rather than age 
per se. 


(5) mature organism the radiosensitiv- 
ity organ tissue dependent upon its 
rate biological activity the time which 
irradiated. Because this radiation may 
used either produce inflamation 
sooth existing inflamation. The response 
the tissue will depend upon the state which 
the tissue existed before was irradiated. 

(6) Healthy cells are more resistant radia- 
tion than are unhealthy cells. this basis 
that cancer can treated situ animal. 


(7) The condition tissue observed after 
irradiation dependent not only the dam- 
age done the radiation but also upon how 
much recovery has occurred the tissue. Be- 
cause this one may often expect find 
variation biological effects because indi- 
vidual variation tissues both the damage 
done and the rate which the tissue recovers 
from damage. 


CHOICE 
RADIOBIOLOGICAL SYSTEM 


Studies radiation biology may grouped 
under two general philosophical approaches. 
One approach unravel the mode radia- 
tion general. This approach designed 
examine the effects radiation any and all 
types tissue material and has its end- 
point the increase general knowledge that 
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will lead explanation how radiation 
acts all systems. 


second general approach not concerned 
with any such ambitious undertaking, but rather 
attempts explain what might expected 
when the human irradiated. For obvious 
reasons this study cannot undertaken directly. 
Therefore necesary study systems other 
than the human and then relate this knowledge 
the response human tissue. possible 
conceive nonhuman tissue that will re- 
spond radiation the same way does 
human tissue. such tissue could found, 
would then possible carry out syste- 
matic investigation the biological effects 
radiation and from this explain how the hu- 
man would respond. find such tissue 
would piece luck indeed. view 
such model system, different observers have 
chosen different specific tissues for systematic 
study and have contented themselves with the 
investigation some one characteristic that 
might related the response human 
tissue. 


Utilizing either one both the general 
philosophies noted above, number systems 
have been investigated. Each system seems 
possess both advantages and disadvantages 
biological indicators. For example single celled 
protozoan systems bacteria require very high 
dose levels, out context with the response 
human tissue. Plant cells have yielded much in- 
teresting information but are only remotely 
related human tissue. Use more complex 
experimental systems such mice, rabbits 
dogs possesses the complication that they repre- 
sent interdependent organ systems that yield re- 
sults that are easier interpret than are those 
observed with humans. Further, many effects 
radiation appear species dependent and 
results obtained with lower mammals are only 
indirectly applicable the human. 


one choose specific tissue for study, 
best begin selecting relatively sim- 
ple tissue, that either human not too 
distantly related human tissue, which can 
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irradiated under very carefully controlled con- 
ditions and which the same time reason- 
ably sensitive radiation. 

Several systems meeting these requirements 
have been investigated. Two such systems are 
human cells non-neoplastic origin™ and 
fibro-blasts from the connective tissue em- 
bryo chick Both these tisues 
can investigated simple hanging drop 
tissue culture. such preparation the re- 
sponse cells radiation can observed 
under simple conditions. should remem- 
bered that the response may well modified 
when irradiation done under the more com- 
plex condition total organism. The use 
tissue culture, however, permits particular radia- 
tion effects picked out and recognized 
independently. This considerable help 
trying understand the composite picture seen 
vivo irradiation. 

with any model system there are both 
advantages and disadvantages working with 
tissue culture preparations. The chief advantage 
lies the simplicity the system. The indi- 
vidual cells are all potentially dividing cells and 
their activity not subject rhythmic changes 
the case some other tissues. During the 
period most active growth less than per- 
cent the cells are actually dividing one 
time but none the less that relatively large 
number dividing cells any one time. Tissue 
cultures are effect large population cells 
the resting state interspersed with dividing 
cells, all growing under conditions which elim- 
inate the complications due either nerve 
blood supply the reaction the organism 
whole. The lethal effects radiation 
other injurious agents for the culture can 
recognized the loss mobility cells. Sub- 
lethal effects can studied observing 
changes behavior individual cells and 
some these changes can expressed quan- 
titatively, e.g., the diminution cell division 
the occurrence degeneration among cells 
the zone outgrowth. 

The fact that one may not get the same 
effect when tissue cultures are irradiated one 


x 


q 
| 
7 
| 
| i 
‘4 
q 
q 
© 
| 
“ai 
q 


August, 1959 


does when studying vivo irradiation really 
argument against the use the tissue cul- 
ture system, since one the principle objects 
using the method eliminate some the 
numerous unknown factors which often 
hopelessly complicate the tissue vivo. Nat- 
urally, therefore, would expect different 
effects. must always remembered, however, 
that the work vivo gives only part the 
story and should not interpreted treated 
though were the whole explanation. 


Effect Dose Level 


Before possible use the information 
derived from tissue culture “model system” 
compare with vivo experiments, neces- 
sary understand the response the tissue 
the radiation dose range interest. This range 
interest ranges from slightly less than 100 
120,000 

With doses the order 120,000 all 
cells tissue culture preparation are dead 
the time the administration the radiation 
complete. Doses radiation somewhat lower 
levels result delayed lethal effect the 
culture. This say the interval between ex- 
posure and death increases the radiation dose 
decreased. the dose range that results 
delayed lethal effects, large numbers cells are 
degenerate the end the exposure, although 
there are also many cells that appear normal. 
determine these latter cells are truly normal, 
fraction the culture can removed 
fresh nutrient solution which has not been 
affected the irradiation. this process 
carried out, repeatedly, the apparently normal 
cells will found degenerate and die. This 
fractionation process called subcultivation, 
and the entire process this instance reveals 
the delayed nature the lethal effect. The de- 
generative changes that occur within the cell 
before death affect both the nucleus and the 
cytoplasm. Giant cells may produced, the 
number chromosomes present may dif- 
ferent the cells that divide 
chemical changes occur such imcreases 
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acidity the cell thus disrupting the normal 
funtions the cell. 

the dose radiation reduced about 
15,000 some cells tissue culture prepara- 
tion will survive and divide. How- 
ever this dose range the response not 
always the same; sometimes the entire culture 
dies out. This the response that would 
expected the dose level used close 
borderline condition where normal biological 
variability the culture becomes determining 
factor. 

The dose levels radiation discussed far 
are very high. these levels radiation appears 
act indiscriminately and very little can 
learned about how radiation acts the level 
the growing cell. 

understand how radiation can affect cells 
without totally disrupting them, necessary 
start low radiation dose levels and grad- 
ually increase the dose series experi- 
ments. Such experiments allow the effects due 
radiation appear one time their 
threshold levels and this turn permits more 
rigorous analysis the results. 


Doses radiation somewhat below 100 re- 
sult simple delay the time division 
the cells tissue culture for both human 
and fibroblast tissue from the embryo 
the The reason for the delay cell 
division has not yet been explained satisfactor- 
ily. The delay division only temporary 
diminution the number dividing cells and 
not complete blockage. The cells that had 
been affected not degenerate and after 
short interval with the division cycle 
the same way the cells that showed effect 
the radiation. There results increase 
total cell count this time with the mitotic 
count rising sharply. This mitotic count will 
remain high while the cells are undergoing 
compensatory mitosis (accelerated cell divi- 
sion). The celis then return normal. This 
compensatory mitosis has been demonstrated 
not only tissue culture but also recovery 
corneal epithelium tissue the eye the 
One suggestion explain the accelerated 
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mitosis that the cells may divide synchron- 
ously following the radiation induced block and 
the cells are simply catching with their nor- 
mal division cycle. 


When the dose elevated above the level 
just discussed, the return mitotic activity 
after the initial fall accompanied the ap- 
pearance degenerative cells. The number 
degenerative cells reaches peak few hours 
after the radiation. These degenerating cells are 
sometimes recognizable dividing cells show- 
ing that the radiation some way has led 


the degeneration when the cell attempted 


one determines the number degenerat- 
ing cells and graphs this wave degeneration 
function duration after exposure, the 
degeneration found occupy the same posi- 
tion does the wave compensatory mitosis 
the samples irradiated the lawer level. 


Such analysis this permits one dis- 
tinguish degeneration following high dosage 
(several thousand which acts indiscrimi- 
nantly lethal agent any cell from that 
radiation much lower level few hun- 
dred which linked cell division. 


The time delay recovery mitotic activity 
dose dependent. The minimal time delay 
about one uses dose that 
sufficiently large keep mitosis relatively 
low level for some time before rising again, the 
appearance degeneration correspondingly 
delayed. the dose radiation increases from 
low level, the total count degenerative cells 
increases. This means the wave degeneration 
gets bigger while the wave mitosis becomes 
smaller and smaller until virtually disappears. 
With each increase dose the mitotic activity 
delayed and with the onset cell degen- 


should apparent from this that when 
searching for degenerative changes after irradia- 
tion different dose levels, necessary not 
confine the observation some limited, spe- 
cific time after exposure, but observe the 
material over prolonged time that any 
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delay the onset degeneration not mis- 
taken for its absence. 

would appear from what has been said 
far that radiation can affect cells indis- 
criminate destruction the cells, can 
affect mitosis and result cellular degenera- 
tion some the cells. High dose levels re- 
sult generalized destruction. Low dose levels 
result cellular degeneration. 

Radiosensitivity 

great deal attention has been paid 
radiosensitivity tissues terms cell 
tissue degeneration. The possibility some re- 
lation between mitosis and degeneration has 
been suspected since about 1906 when Beryonie 
and summarized some these 
radiobiological observations into the form 
“law.” This “law” stated that the radiosensi- 
tivity cells direct proportion their 
reproductive activity and inversely proportional 
their degree differentiation. Such state- 
ment applies only tissue which the 
orderly process cell division and cell differ- 
entiation taking place and should not 
applied all kinds tissues indiscriminately. 
apparently applies normal tissue which 
the differentiated cells are the oldest and 
are incapable further division. 

One should remember that given tissue 
where there are actively dividing cells, least 
one the daughter cells from each cleavage 
remains undifferentiated and capable further 
division. Otherwise the tissue would die out 
and there would further supply cells 
undergo differentiation. Since not 
know this time why approximately one-half 
the cells differentiate, must assumed 
that each daughter cell has the option divid- 
ing differentiating. Radiation may well play 
role disturbing this balance, forcing 
more cells differentiate rather than divide. 
this so, the use cell degeneration 
criterion radiation damage would represent 
the minimum the effect radiation the 
system. 

The use simplified system such 
tissue culture without the complication dif- 
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ferentiation cells, permits the experimenter 
deal with radiosensitivity simple terms 
degeneration have seen. The question 
that still remains the relative sensitivity 
the mitosis compared the resting cell, 
other words the radiosensitivity the cell 
the different stages the division cycle. 
Much work still needed elucidate this 
problem. present would appear that those 
cells just ready divide may show the effects 
irradiation while those that can rest some 
time before dividing may able repair 
themselves and hence recover from the irradia- 
tion. 


Irradiation More Complex Systems 


one wishes ultimately understand the 
results the irradiation vivo systems, 
more than simple nondifferentiating systems 
must studied. Systems that are undergoing 
growth and development must also investi- 
gated. One such system the developing 
embryo. 


radiations affect embryos all spe- 
cies including man. The nature the damage 
that occurs depends upon the stage embryo- 
logical development which the irradiation 
takes place. rats and mice malformations 
the embryo may occur with radiation doses 
low would appear that response 
this dose level radiation also applies other 
mammals including man. 


The primary response the mammalian em- 
bryo radiation destruction the primitive 
cells (nonmitotic cells). the embryo devel- 
ops, these cells appear each the different 
organ systems each system developing. 
Therefore radiation applied while the nervous 
system developing will result malforma- 
tion the nervous system; that applied while 
the circulatory system developing will result 
malformation the circulation system and 


Since the embryo state very rapid 
growth, one would expect that repair processes 
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would also rapid. Consequently once dam- 
age done repair processes are initiated rap- 
idly. Hence the final result irradiation 
embryo function the amount radia- 
tion, the time radiation, the initial damage 
incurred and the recovery. 


possible compare radiation effects 
tissue culture cells with those embryo 
use experimental system which chick 
embryos are explanted different stages 
development, irradiated and then observed. 


Experiments chick embryos explanted just 
after the establishment the circulatory system 
shows that the variation mitosis very simi- 
lar that seen tissue cultures. However, 
irradiation carried out stage before the 
establishment the circulatory system one sees 
greater and more prolonged diminution 
Apparently the presence intact 
circulatory system allows for more rapid re- 
covery the radiation damage because the 
toxic products irradiation can carried 
away the circulatory system. The explanation 
given seems augmented experiments 
which the dose level increased level 
which causes the reduction mitosis fol- 
lowed cell degeneration. The degeneration 
that observed the result the direct action 
radiation upon the cells and regional 
the sense that restricted areas where 
cell division found normally. However, 
the dosage raised about 1000 where the 
circulatory system affected, the degeneration 
that follows enhanced the generalized de- 
struction which always follows any interference 
with the blood one affects 
cient number blood vessels, may very well 
lead killing the chick embryo even though 
the dosage still far below the massive lethal 
dose which kills direct indiscriminate ac- 
tion all the cells the body. 


partial summary, should pointed out 
that many cases there apparently close 
similarity biological behavior after low dos- 
age radiation whether the experimental ma- 
terial exposed vivo vitro. 
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IRRADIATION ORGAN SYSTEMS 


Once one has obtained some understanding 
the vivo and vitro irradiation studies, 
the question naturally arises how biologi- 
cal effects radiations are modified when com- 
plex tissues are irradiated. One also must know 
how one tissue differs from another its re- 
sponse comparable dose. This question 
particularly pertinent when one approaches the 
problem the effect radiation humans. 
The tissues systems that appear most 
affected the human are (1) the blood, (2) 
the skin, (3) the digestive tract and (4) the 
reproductive system including the genetic cells. 
minimum understanding requires 
edge the effects radiation these four 
systems. this end each the four systems 
will discussed some detail. 


Blood and the Circulatory System 
General Remarks 

The two fluids the body; 
namely, the blood and the lymph, are carried 
throughout the body two closed circulating 
systems. The blood propelled the heart 
and the large arteries through system 
arteries and arterioles the capillaries. the 
level the capillaries some the fluid com- 
ponent the blood passes through the vessel 
wall, bathes the surrounding cells, and col- 
lected from the tissues the lymphatic system. 
This fluid then returned the lymphatic 
system the veins where again becomes part 
the blood. 

The movement the blood the arteries 
maintained primarily the ability the 
arteries and arterioles contract. The vessels 
the lymphatic system also contain contractile 
tissue. addition they are supplied inter- 
vals with valves that prevent reversal flow 
the fluid. The veins the body are not con- 
tractile tissue but must rely upon valving sys- 
tem similar that found the lymphatics 
control the direction flow the fluid. 

There significant amount body space 
used simply for the transport fluids about the 
body. fact vessels both the blood system 
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and the lymphatic system are almost certainly 
going absorb radiation whenever any part 
animal irradiated. 


Both the arteries and the veins have struc- 
ture that complex. one views cross sec- 
tion one the vessels, one can observe that 
the innermost cells are flattened cells that form 
lining (endothelium) the tubule. Since 
the blood constantly moving over these cells, 
they experience considerable wear and tear and 
therefore must replaced fairly frequently. 
This replacement occurs cell division re- 
serve cells. Immediately outside this lining 
cells layer connective tissue and elas- 
tic fibers. this layer cells that gives re- 
silience the blood vessel. Adjacent this 
second layer cells one finds first muscular 
coating surrounding the vessel and then more 
connective tissue. 

The structure the capillary vessels mark- 
edly different from that the arteries and 
veins. Capillaries are composed only single 
layer cells and this layer continuous with 
the inner layer the larger vessels. 


Effects Irradiation Blood Carrying System 


Penetrating radiation has injurious effect 
upon the tissues which compose the heart and 
the blood vessels. This effect the blood 
system, that is, course, completely apart from 
the effect noted the cells and circulating 
fluid. The injury the blood vessels re- 
gional destructive effect that dependent upon 
the volume the tissue involved. Under cer- 
tain conditions possible for blood vessels 
damaged radiation replaced small 
collateral channels that serve the same area 
did the original vessels. These small channels 
enlarge take the blood flow required pro- 
vide nourishment for the surrounding tissues. 
Repair this form occurs only radiation 
damage has not been too extensive, and re- 
distinguish from the effects resulting from 
the direct action radiation the tissue. 

Sensitivity the Heart. The heart gen- 
erally termed radioresistant. However, should 
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remembered that the heart and the larger 
vessels are supplied with miniature blood sup- 
ply their own and possible for these 
smaller vessels affected independently 
the heart tissue. The heart tissue itself very 
resistant radiation and will continue beat 
vitro after irradiation with 500,000 The 
heart tissue has the same kind resistance 
situ. This resistance has been demonstrated 
where accidental exposures (lost radium needle 
radium have resulted doses several mil- 
lion without stopping the 


Sensitivity Arteries and Veins. arteries 
veins are irradiated with relatively high doses 
radiation, the first response similar that 
observed tissue culture; namely, mitosis 
stopped and cell destruction may follow. Since 
the inner linings cells the vessels are con- 
stantly being worn away and must replaced, 
inhibition mitosis may lead destruction 
entire network vessels. damage not 
too extensive, nonaffected cells proliferate 
constitute form repair. with the repair 
processes simpler systems, over-compensation 
can occur. Since this over-repair the inte- 
rior the vessel, the thickening the lining 
will reduce the diameter the vessel and ob- 
struct the flow blood. 

the radiation intensity has been sufficient 
damage cell layers other than the lining 
recovery the connective tissue will pre- 
dominate the repair The normal 
balance the tissue layers changed this 
way and the permeability the vessel wall 
altered. this state, fluid passes out the 
blood vessel and swelling and edema are ob- 
served the irradiated areas. 

short the specialized tissues the blood 
vessel walls are replaced scar tissue. This 
scar tissue may then serve transport the 
blood and normal function preserved new 
stress applied. 

one irradiates normal cells vivo, one 
finds that the action radiation mitosis 
occurs lower doses than that which affects 
the walls the blood vessels. Mitosis body 
tissues affected doses radiation less 
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than 100 Through the dose range 
1000 the effect irradiation mitosis 
qualitatively and quantitatively similar whether 
irradiation occurs vivo Under 
vivo conditions any cell destruction that oc- 
curs about 1000 has strictly regional 
distribution and limited the parts the 
tissue where cell division going on. doses 
over 1000 given single dose the radia- 
tion affects cells composing the walls the 
blood vessels. The damage that results 
stricted the area supplied the blood ves- 
sel. Within this affected area the damage that 
occurs indiscriminate and affects all 
whether they are dividing cells col- 
lateral circulation established rapidly the 
damage from the radiation may checked 
ultimately. 

long the circulatory system remains 
intact its action helps recovery from any direct 
effects radiation the tissue. Once the cir- 
culatory system itself involved damage 
then the direct effects radiation are enhanced 
the indirect destructive effects which result 
from loss the circulation. 

Sensitivity the Capillaries. The capillaries 
represent the most radiation sensitive part 
the circulatory system. The normal capillary 
only slightly larger diameter than the red 
blood cell. Hence, even slight contraction 
the capillary will result block that will 
stop the flow blood. The state permeabil- 
ity the capillaries affected numerous 
factors including chemicals, pressure, tempera- 
ture and Radiation simply another 
factor that exerts influence. 

Irradiation the capillaries followed 
marked dilation. This action probably the 
result histamine release following injury 
the cells the exposure. The effects the 
capillaries for doses are re- 
versible and the vessels eventually return 
their normal size. Doses above 700 cause the 
permanent dilation the capillary wall with 
the loss resiliency the This rigidity 
then results permeability changes the 
capillaries. the damage not too extensive 
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new capillaries bud out from the existing ves- 
sels and this constitutes form 


Irradiation Dose Rate 


One phase irradiation have not men- 
tioned far the effect rate dose ad- 
ministration biological response. This effect 
can demonstrated one explants 8-day 
chick embryo into watch glass that can 
observe the vessels that run between the em- 
bryo and the yolk sac. The actual blood cells 
can observed this preparation. now 
dose gamma rays about 1500 given 
there effect seen first but after lapse 
min the blood cells can seen adhere 
together gradually producing blockage. This 
block increases the pressure the vessel be- 
hind the block and the vessel eventually rup- 
tures releasing blood into the tissue. this 
experiment repeated different dose rates, 
one finds that when the intensity irradiation 
the order r/min the total dose which 
just produces the above described effect mini- 
mal. Below r/min the total dose must 
increased over 1000 produce the effect. 
Above r/min the effect intensity dose 
less 

Other biological functions have been shown 
respond the same general way. Mitosis 
mitotic activity tissue culture seems fol- 
low the same general pattern. Here neces- 
sary measure the dose required produce 
given fall cell division. This value dose 
can then plotted against dose rate. While 
the general response the same, the absolute 
level dose required produce the mitosis 
effect about 1/10 that required for the cir- 
culatory effect. 


would appear from such experiments that 
for some types biological responses the 
ciency the irradiation dependent upon the 
rate which energy absorbed. The mech- 
anism involved this action not understood 
present. However, the total picture prob- 
ably very complicated and will require con- 
sideration repair processes well initial 
damage final explanation. 
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Constitutional Effect 


When any part the body irradiated and 
cell destruction occurs, the products this cell 
destruction are carried various parts the 
body the blood stream. Translocated this 
way, the breakdown products the cells may 
cause deleterious effect healthy cells far 
removed from the source the irradiation. 
The greater the volume tissue irradiated, the 
more marked this constitutional effect the 
irradiation. has been shown experimentally 
that one lymph gland shielded completely 
from radiation and the rest the body ir- 
radiated, the shielded gland still 
fact, lymph node exposed several thou- 
sand shows very little more damage than that 
seen comparable gland that had been 
shielded from direct radiation, while the rest 
the body had received only few hundred 
Such effects are sometimes called the “constitu- 
tional” effects radiation. However other names 
are also used for such response. One such 
name has been “radiation shock” and when the 
symptoms are milder the term “radiation sick- 
ness” used. 

Characteristically, when animal has been 
irradiated there may observable effect 
for some length time. Then there dis- 
tinct response that involves lowering the 
body temperature, lowering blood pressure, 
escape fluids from the circulatory system, 
changes chemical composition the plasma 
and changes nervous system 

The constitutional aspect radiation sick- 
seems arise from the release large 
amounts cell breakdown products into the 
circulatory system. The normal defense mech- 
anisms the body cannot handle such large 
amount the toxic products, particularly those 
from the cell nucleus, and all organ systems 
the body are then affected. The response 
different individuals does not follow consist- 
ent One person suffering from radia- 
tion sickness may show nervous involvement, 
another respiratory involvement, third in- 
volvement the urinary tract and forth. 
Usually the symptoms the digestive tract 
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predominate and hence radiation sickness 
almost always accompanied vomiting. 


General Remarks about Blood 


The blood labile tissue and such rep- 
resents rather characteristic system. this 
labile tissue the component cells are relatively 
independent one another and are capable 
moving some distance from their point ori- 
gin. While there are several types cells 
the blood, there does seem one point 
common and that that the cells seem 
discharging their function only when the blood 
motion. 

Blood cells, like other cells the body, arise 
germinal layer and following development, 
move away from that layer. the case the 
blood the cells move into the general circula- 
tion where their life span spent. Different 
types cells have different life spans and for 
each cell type, the old cells die, they are 
replaced new cells from the germinal layer 
rate that keeps relatively constant num- 
ber each type cell the circulation. This 
effect series simultaneous feedback 
systems. 

Blood, like other tissues, has cells the rest- 
ing state, the mitotic state, the differen- 
tiating state and process degeneration. 
other tissues cells all stages the life cycle 
are generally found close together even inter- 
mixed. blood, however, once the cells have 
differentiated matured they move some dis- 
tance from their point formation one finds 
cells the resting stage and the mitotic 
stage the germinal layers while the mature 
cells and the degenerating dying cells are 
removed from the germinal layers. 

Blood serves least two principle functions. 
First carries food and fluid from the digestive 
tract all other parts the body. Second, 
carries oxygen from the lungs all parts 
the body and carbon dioxide from all parts 
the body back the lungs. these proc- 
esses the oxygen turnover represents the most 
rapid process. The importance this rapid 
turnover can best illustrated the speed 
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with which oxygen starvation leads lethal 
effect. Roughly speaking, man can exist 
weeks without food, days without water, but 
less than min without oxygen. This high rate 
turnover facilitated the fact that typi- 
cal blood cell completes the lung circulation 
(heart through lungs back heart) about 
sec. 

Blood essentially series specialized 
cells moving fluid matrix. The composi- 
tion this matrix varies from time time and 
place place according the condition the 
organ that traverses. The organs turn re- 
spond minute changes composition 
the fluid and are capable adding subtract- 
ing constituents according the local require- 
ments. The changes chemical composition 
that may occur may primary importance 
the organ system but undetectable the 
composition the blood. For this reason the 
blood may considered fluid constant 
composition and quality. 

This constancy composition applies only 
the fluid component the blood, however. 
The cellular composition the blood depends 
upon altitude, general state health, activity, 
time day, and numerous other factors. De- 
spite this the blood count generally 
healthy individual considered the same 
time day different days under conditions 
where all other parameters are held constant, the 
results are found constant. two in- 
dividuals are exactly the same, but each indi- 
vidual constant. 


Types Blood Cells 


Peripheral blood humans contains three 
principle types blood cells. 

(1) Red blood cells. These cells the hu- 
man have nucleus and therefore cannot 
divide. They function entirely within the cir- 
culatory system carrying both oxygen and car- 
bon dioxide and die without ever leaving the 
circulatory system. 


(2) White blood cells. There are least 
three different kinds white cells. The 
lymphocytes have clear cytoplasm and con- 
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densed nucleus. Cells with granular cytoplasm 
are called either leucocytes granulocytes. 
These cells have lobed nucleus that changes 
shape with increasing age. the cell ages, 
the number lobes the nucleus increases. 
The third type white cell the monocyte 
and found only very low numbers under 
normal conditions. 

(3) Platelets. These cells appear cyto- 
plasmic fragments “giant” cell the ger- 
minal layers. These cells are thought 
involved the process blood clotting. 

The total number blood cells human 
very large. the average there are million 
red blood cells per cubic millimeter blood 
for man (women have slightly less). there 
are then million cubic millimeters blood 
suspension. There are white cells for 
each 100 red cells the total number cells 
high order magnitude. These cells 
make trip the circulatory system 
about min. 

The germinal layer for blood cells located 
variety areas. The cells arise from 
spongy tissue distributed throughout the bone 
marrow, the spleen, the lymph glands and 
scattered lymphoid tissue lying along the intes- 
tinal canal and elsewhere. This spongy tissue 
consists supporting framework containing 
large number embryonic cells. 


Development Blood Cells 


The reticulum cells from which the blood 
cells are formed can give rise several differ- 
ent types mature blood cells and can 
very high rate. When the mature cells are 
formed they are stored for later release. The 
storage accomplished within spongy tissue 
which newly formed cells are held clumps. 
normal states health, the blood cells are 
released rate that just balances the loss 
cells arising from cell death. 

The red cell develops from the reticulum cell 
the bone marrow through rather complex 
pattern which hemoglobin deposited 
the cell and the nucleus the cell lost. 
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one stage the development the red cell con- 
tains both hemoglobin and nucleus. These 
nucleated red cells are susceptible radiation 
and actually disappear from the bone marrow 
begins about days after 
When mature red cells are released into the 
circulation they exist for 110-120 days the 
average. Death the cell occurs either dis- 
solution the spleen the general circu- 
lation. 


Another type cell also originates from the 
reticulum cells the bone marrow. These are 
the granulocytes. 


neutrophils 
eosinophils 
basophils 


myeloblasts 


The three types granulocytes that result are 
distinguishable the basis their response 
different stains. The granules the cyto- 
plasm the most numerous the cells re- 
spond neutral stains and the cells are called 
neutrophils. The next most numerous cells have 
granules that are stained acid stains and 
these cells are called eosinophils. The least nu- 
merous the granulocytes are those cells 
whose granules are stained basic stains and 
they are called basophils. When the granulo- 
cytes are mature they are released into the cir- 
culation and have life span about three 
days. 

The reticulum cells that give rise the 
lymphocytes are spread throughout the body 
the lymph nodes and the lymph tissue. The 
lymphocytes can produced very large 
number needed, however, they have very 
short life span. Individual lymphocytes live 
the circulatory system for less than one day. 
The cells terminate their existence passing 
into the digestive tract and there die and break 
up. 


Irradiation Blood 


should evident from the space occupied 
the circulatory system that mature blood cells 
will involved whatever part the body 
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exposed irradiation. However, with care and 
the use localized fields, generally pos- 
sible avoid irradiating the blood-forming 
organs unless such action desired. diffi- 
cult, however, avoid irradiation lymph 
glands where lymphocytes are formed. 

Observations have been made study the 
effect irradiation various parts the hu- 
man body circulating leukocytes and lympho- 
cytes. was found that the most pronounced 
effect leukocytes and lymphocytes was ob- 
served after irradiation the abdomen, fol- 
lowed order the thorax, neck, skull and 
limbs. After irradiation the cell count tends 
return This would suggest that 
lymphopenia following irradiation due 
destruction lymphocyte-forming tissue the 
field irradiation and return normalcy 
accomplished increased activity the re- 
maining lymphocyte forming tissue effort 
maintain constant level lymphocytes 
the blood. 

The typical response the blood-forming 
organs irradiation the reduction the 
number all types circulating cells. The 
time response the cells different for 
each type. The maximum reduction the red 
blood cells occurs some weeks after irradiation. 
However, there increase the fragility 
these cells before the number 
With granulocytes the maximum reduction 
terms days while with lymphocytes the 
fall count reflected hours. This time re- 
lation correlates well with the life span the 
different The cell with the shortest 
life span (lymphocyte) the first show 
diminution number, while that with the 
longest existence (the red blood cells) takes 
the longest show the reduction. The effect 
observed cannot explained action 
radiation mature cells the circulation 
since they are resistant the radiation. 
apparently due the action radiation 
cutting off the supply new cells prevent- 
ing mitosis the blood-forming tissues. 

this view correct, then appears that 
radiation blocks the formation all new blood 
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cells interfering with mitosis the level 
the germinal layer. The cells that are circu- 
lation die off their regular rate, but since 
they are not replaced the net result decrease 
number the peripheral blood. this 
view, the results observed blood count 
following exposure radiation would depend 
upon the time past irradiation that the count 
was made and how this time was related the 
life span the different cells. 

When low doses radiation are used, the 
decrease cell number temporary. Lympho- 
cyte counts vary rapidly and over considerable 
range for even small doses radiation. Because 
criterion radiation damage. 


Neutrophil counts are often used criterion 
the amount exposure radiation and 
they seem offer reliable index. The decrease 
observed with neutrophils neither sudden 
nor extreme the change lymphocytes. 
addition the use neutrophil counts, 
examination the neutrophil cells offers 
index radiation exposure. Normal neutrophil 
cells have neuclei with lobes. Recovery 
the neutrophil count following exposure 
radiation involves release younger cells from 
the germinal layers and these younger cells have 
fewer lobes. Hence the average number lobes 
per nuclei may reduced following 

Reduction the number red cells follow- 
ing exposure radiation occurs 
than does the reduction other cell types. 
However, because limited recovery power, 
damage the germinal layers that give rise 
red cells may more serious than with 
the other cell types. 

general one may say that the blood pic- 
ture seen after radiation exposure therefore 
varies with the total amount blood-forming 
tissue irradiated, the length time between 
exposures and blood examination and the de- 
gree recovery that has occurred. With 
many variables wonder that many in- 


consistent accounts different authors have 
arisen. 
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Irradiation Effects the Blood Humans. 
Cell disturbances the blood humans fol- 
lowing irradiation have been investigated under 
great many conditions, but perhaps the most 
dramatic the case where humans have been 
exposed atomic blasts. (Nagasaki and Hiro- 
shima.) The Atomic Bomb Casualty Commis- 
sion has conducted surveys the survivors 
each year since the atomic bombs were ex- 
this survey one the factors 
considered detail the observable changes 
the peripheral blood cellular components. 
Each commission report has found number 
cases leukemia. each survey found 
that there much higher incidence leu- 
kemia groups closer the radiation center. 
Chronic myelogenous leukemia was the most 
frequent type, acute myelogenous leukemia was 
second frequency. There was only one case 
chronic lymphatic leukemia observed, but 
this exceptionally rare disease the 
Japanese. largest number cases the 
onset leukemia about five years after ex- 
posture. addition the leukemia there have 
also been reported number cases refrac- 
tory anemia where leukemia was not present. 
Again the fatal symptoms this disease 
which there deficiency hemoglobin oc- 
curs some four seven years after exposure. 

The cause leukemia still enigma. 
would appear involve (1) hereditary capac- 
ity for abnormal growth and (2) various physi- 
cal, chemical metabolic agents capable 
precipitating the disease. These factors would 
seem involve direct injury the genetic 
factors man the radiation that pro- 
nounced effects would expected future 

perhaps interesting that somewhat the 
same picture above has been reported under 
less severe circumstances where radiation has 
been used clinically. seven cases reported 
where x-rays were used for therapy alkylos- 
ing spondylitis five patients developed myeloid 
leukemia and two aplastic anemia even though 
only one patient was considered hav- 
ing received excess x-ray 
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The Role Hormones. The action nu- 
merous compounds, both natural and unnatural, 
can explained the basis action those 
compounds the level the blood-forming 
organ. For example, the endocrine organs affect 
sensitivity radiation. 

This will discussed some detail when 
the reproductive system considered. However, 
other endocrine organs such the adrenals and 
the thyroid also have role play. Removal 
the adrenals increases the sensitivity the 
animal This effect reversed 
one then injects whole adrenal The 
hormones the adrenal extract hasten recovery 
the bone marrow from the damage done 
the irradiation. cortisone (an adrenal hor- 
mone) administered normal animal, that 
animal becomes more sensitive total body 
irradiation, and less able combat the bac- 
terial viral infections that may accompany 
irradiation. the thyroid gland removed 
the radiosensitvity the skin Con- 
versely, thyroid hormone administered 
excess the skin becomes more susceptible total 
body irradiation. The effect the thyroid hor- 
mone apparently related the fact that the 
hormone increases the rate metabolism which 
turn affects the capillary circulation the 
blood. Further, however, the increased meta- 
bolic rate affects the rate activity the 
lymphatic tissue and this way interacts with 
the effects irradiation. 

Repeated Excessive Irradiation. the same 
germinative area the blood system irradi- 
ated repetitiously, the ability the blood cells 
differentiate may lost before prolifera- 
tion checked and gross overproduction 
one the types blood cells may result. These 
cells will poured into the blood stream 
abnormal cells. They may either abnoral 
appearance they may still capable cell 
division. These cells then cause gross inter- 
ference with the normal functioning the 
blood and this results detrimental condition 
all the organs the 

excessive doses radiation are given there 
results permanent depression all cell divi- 
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sion the blood-forming tissues. Irradiation 
even selected area the body, overdone, 
upsets the delicate normal balance between cell 
production and cell death. result the germ- 
inal areas outside the irradiated area must 
contribute maintaining the balance. the 
area irradiation large the surviving germ- 
inal areas may not able meet the new de- 
mands and the entire feed-back system breaks 
down. 


Normal Process Blood Clotting 


far have discussed only the cell consti- 
tuents blood. Actually, only one-half the 
weight the blood due the cellular com- 
ponent. The remainder the blood fluid 
called plasma that contains proteins, fats, and 
considerable number inorganic ions vary- 
ing amounts. 

With the proper precautions, blood may 
separated vitro into the cellular components 
and clear yellow plasma. This plasma the 
same fluid that passes through the capillary 
walls bath the cells intact animal. 

Blood, withdrawn from living body, clots 
room temperature few minutes. The gen- 
eral mechanism this clotting action has been 
understood for number years. There are 
still many refinements and details not under- 
stood the problem blood clotting but these 
refinements are not necessary our understand- 
ing the action radiation and hence will 
not considered here. 

All components necessary for the clotting 
blood are present all times the blood- 
stream and are present fluid nonclotted 
form. When blood exposed the air whether 
through cut lesion test tube, the 
following reactions are thought take place: 


Thromboplastin 
Prothrombin (from platelets) Thrombin 
Fibrinogen Thrombin 
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The prothrombin molecule 
formed the liver and carried the blood 
stream. When the form found normally 
the blood the protein inactive. When in- 
jury occurs that some way damages the plate- 
lets when the blood vessels’ walls are rup- 
tured and tissue juices come into contact with 
the blood, substance called thromboplastin 
released and reacts with the prothrombin. 
this reaction the prothrombin converted 
the presence calcium ions thrombin. The 
thrombin formed acts catalyst the 
conversion another soluble protein compon- 
ent found normal blood, namely, fibrinogen, 
into insoluble form called fibrin. clot 
formed semisolid mass that has the insol- 
uble protein fibrin basis and dense net- 
work strands that traps the cells and 
ultimately squeezes out residual fluid called 
serum. Blood normally clots 3-10 min 
room temperature. The so-called “coagulation 
time” convenient indication the speed 
with which the complicated process blood 
clotting occurs different people. The clotting 
time expressed terms minutes required 
for the process complete some given end- 
points. 


Another useful quantitative variable the 
viscosity plasma. The viscosity measured 
the rate which the blood cells settle 
“sink” anticoagulant medium. This me- 
dium simply prepared complexing the 
calcium the blood which removes from 
its ionic form and thus blocks the coagulation 
the blood. The rate settling increased 
certain physiological and pathological con- 
ditions. 

Effects Irradiation Blood Clotting. The 
effect irradiation coagulation time the 
blood dependent upon the dose radiation 
that absorbed. After small doses the coagula- 
tion time may shortened for few hours 
after irradiation. However, when massive doses 
radiation are used the coagulation time 
prolonged. This change coagulability 
blood has been used indicator ira- 
diation effect. The platelet count diminshed 
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following irradiation and this diminution has 
been suggested index safety measure. 
Under such system there would lower 
limit permitted for the platelet count. When 
this lower limit was reached, further irradia- 
tion would 


When dogs are exposed 450 rabbits 
500-1000 guinea pigs about 200 the 
blood clotting times are The pro- 
longed clotting times could used explain 
the presence skin hemorrhages seen the 
each case the increase clotting 
time accompanied decrease the blood 
platelets (hence reduction thromboplas- 
tin). has also been reported that there 
present anticoagulant factor released into the 
blood irradiated animals that would also tend 
increase the clotting time the 

Radiation also affects the sedimentation rate 
the blood. The effect accelerate the rate 
for short period time after exposure which 
means the blood inore fluid through 
this period time. 


Irradiation Plasma 


Any attempt understand the effects radia- 
tion one the complex the in- 
tact animal complicated the fact that 
healthy animal has remarkable capabilities 
adapt applied stress. soon stress 
applied all the compensatory mechanisms 
the body are directed toward readjusting the 
animal the normal state. one investigates 
the effects radiation animal suffering 
from some disease state, the problem even 
more complex. this case the defense mechan- 
isms the body are already under stress 
attempting maintain normal state. 
further insult applied the breakdown the 
control mechanism may occur some weak- 
ened point affected only indirectly the 
applied stress. Therefore there may consider- 
able difficulty assigning any given result 
the action stress like irradiation cells 
particular organ tissue. 


With such complications not unreason- 
able expect conflicting reports the action 
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radiation systems such plasma. fact, 
one may find reports showing increases, de- 
creases and effect the nitrogen level, sugar 
content and hydrogen ion concentration (acid- 
ity) plasma following irradiation. The results 
obtained appear dependent upon the time 
interval following irradiation which samples 
are obtained and upon the state recovery 
the system when the examination made. 

That there are distinct changes plasma at- 
tributable radiation effects has been demon- 
strated clearly some Experiments 
using tissue culture techniques have made 
clear that irradiation blood vivo produces 
changes which are not found when plasma 
irradiated outside the body and free from 
contact with living cells. Plasma irradiated 
vitro has inhibitory effect upon the growth 
tissue explants suspended the culture me- 
dium which constituent part. If, 
however, the plasma used derived from 
whole animal which has been subjected total 
body irradiation, inhibition growth the 
explant observed. 

short, appears that there definite 
effect radiation upon the fluid part the 
blood, but the mechanism which this effect 
exerted not well understood present. 


Skin 

probably necessary review some basic 
concepts concerning the physiology normal 
skin before undertaking understanding 
the effect irradiation. 

The skin forms envelope for the body. 
There are, fact, two envelopes. These two 
envelopes are referred the epidermis and 
the dermis with the two being separated 
basement membrane. The outer envelope the 
epidermis and does not contain blood vessels. 
spite this, however, the epidermis not 
dry tissue. The cells (except for the outermost 
layers) are bathed moist medium that 
derived from the blood and drained back into 
circulation means the lympth vessels. The 
condition the cells this outer envelope 
some respects similar those which are 
obtained tissue culture. The epidermal cells 
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consist orderly arrangement cells which 
are derived from “germinal” basal layer 
which turn rests the basement membrane. 
All the cells the basal layer have the capa- 
city cell division and any given time there 
are many mitotic figures present among the 
resting cells. The cells the outer layers the 
epidermis not divide but show progressive 
increase differentiation they approach the 
surface the body. Cells from the basal layer 
travel slowly outward toward the surface the 
body and change slowly they move. When 
one the differentiated cells die, replaced 
another ultimately derived from the germi- 
nal layer. 

This process cell division and cell differ- 
entiation the skin goes all through life. 
Normal skin essentially feed-back mechan- 
ism which the activity the germinal layer 
kept step with that the other layers 
the skin. The balance maintained the fact 
that some daughter cells remain the germinal 
layer potentially dividing cells instead dif- 
ferentiating. Each daughter cell formed has 
within itself the ability undergo subsequent 
division differentiate. should appar- 
ent that one daughter cell remains the ger- 
minal layer for each cell which migrates away 
from the basement membrance the more su- 
perficial layers the skin. Hence, there 
always the same number cells the germinal 
layer. 

The differentiated cells that form the outer 
layer eventually become dead, dry, “keratin” 
which will eventually rub off. This keratin sur- 
face what provides the insulating and weather- 
proofing characteristics the skin. most 
places the body this outer layer about 
thick, but selected areas such the sole 
the foot, the thickness may several 
meters. 


The basement membrane upon which the 
epidermis rests has structure analagous that 
seen corrugated cardboard. The net effect 
the undulations the layer increase the 
total area and hence give extended surface 
for the germinal layer cells. addition 
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this undulated structure, the presence pockets 
the form hair follicles and modified sweat 
glands also add the total area available for the 
germinal layer. 

the deeper layers the epidermis are cells 
that upon exposure sunlight form 
The mechanism which the pigment 
formed not understood. One thing seems 
clear; namely, white races the pigmentation 
seasonal and varies with the amount sun- 
light. the pigmentation irregular, one 
recognizes the result freckles. 

The dermis that part the skin lying 
under the basement membrane has very dif- 
ferent structure than does the epidermis. The 
dermis essentially “packing which 
also acts heat insulator. composed 
connective tissue, elastic fibers and fat. The 
connective tissue made fine fibrils 
between which droplets water are stored. 
this water that gives certain elasticity the 
skin. 

The dermis varies greatly thickness over 
the area the body. the connective tissue 
part the dermis one finds blood vessels, 
nerves, and nerve endings, particularly those 
associated with the sense touch. The part 
the dermis nearest the epidermis contains 
fine capillary bed. 

The dermis, because its water content, 
fiber content and fat gives the resilience that 
one finds the skin. Like the epidermal cells, 
dermal cells also may contain pigments. How- 
ever, the pigmentation observed this layer 
permanent and will not wear off. 


Irradiation the Skin 


The skin very highly specialized organ 
system that discharges many function besides 
simply covering the outer surface the body. 
The skin easily injured but the same time 
has remarkable power repair. Fortunately, 
most injuries that occur the skin involve 
relatively small percentage the total area 
the body. Because this there generally 
plenty normal tissue that remains and the 
healing process can then begin from this tissue. 
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injury covers wide area the body surface 
all once, the consequences can serious 
simply because there not sufficient normal 
skin left dominate the repair process. 

The tolerance” radiation has been 
one the limiting factors radiotherapeutic 
technique matter what equipment used. 
This tolerance has been very useful checking 
gross overdosage radiation therapy because 
any tendency toward overdosage followed 
very soon visible evidence mistake. The 
skin effect is, however, less evident the wave- 
length the radiation this 
way the highly penetrating radiations many 
modern high energy units pass through the 
skin with little effect it. Some high energy 
machines deliver dose which actually “builds 
up” maximum value with increase depth 
penetration. The tissue immediately below 
the skin actually receives dose radiation 
which greater than that received the skin 
because within the tissue layers. 

When the epidermis injured radiation 
other means, the injured lost tissue 
replaced overgrowth the adjacent non- 
injured tissue cells. When the dermis injured 
there more complex process recovery 
although the same general mechanism seems 
hold. The different types cells found the 
dermal layer all have their own characteristic 
powers recovery. The connective tissue cells 
repair most rapidly. Therefore after severe dam- 
age whether caused acute injury 
series small injuries spread over extended 
period time, the connective tissue cells “out 
the other tissues and scar tissue 
formed. This scar tissue is, course, totally 
different from normal skin and cannot carry out 
the normal functions observed skin. Once the 
scar tissue formed permanent and the 
skin that area never does recover its normal 
function. 


Agents such sunlight may beneficial 
the skin small amounts but becomes injur- 
ious when received excess. Excessive amounts 
sunlight may give rise condition known 
variously seaman’s skin, skin, 
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tropical skin. This condition essentially the 
production lesions radiation. the skin 
grossly over-exposed the sun the injury may 
even further and the functioning skin 
cells become disorganized that permanent 
changes may occur which may lead 
Though this possible action, formation 
cancer this method improbable rare 
temperate climates. Even areas where such 
events can occur takes very long time 
produce. For example, takes about four years 
haphazard exposure x-ray produce can- 
cer compared with period about 
years produce sun cancer. 

Production Erythema. soon the early 
workers the field realized that was pene- 
trating radiation that actually caused injury 
the skin, the reactions the skin planned 
radiation dosage under great many physical 
parameters were studied. was found that radia- 
tion would produce definite reddening ery- 
thema the skin; this effect was transient and 
disappeared without leaving any recognizable 
effect. 

There are numerous detailed descriptions 
the erythema caused beta 
particles. will suffice here simply sum- 
marize number statements that appear 
apply equally the response either 
type radiation. 

The production this erythema influenced 
many factors. Some these factors are 
physical and some are biological. Among the 
physical factors are wavelength the radiation, 
duration irradiation, whether the radiation 
given single multiple exposures, and the 
intervals between irradiation. 


adjustment the physical factors 
possible divide the dose, reduce the radia- 
tion intensity and this way increase the total 
dose radiation administered without increas- 
ing the amount damage. this technique 
possible increase the radiation dose 
factor times without causing damage 
the Obviously there limit this. 

Biological factors also influence the produc- 
tion erythema irradiation. Such factors 
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sex, skin site chosen, race, age, degree tan- 
ning, color the skin and the inclusion 
bone all modify the erythema response. 

convenient biological indicator dosage pro- 
viding all the physical factors are controlled and 
only one individual assesses what proper 
erythema. standard form generally fol- 
lowed that the skin erythema dose con- 
sidered that irradiation that will just produce 
slight reddening tinting the skin 
percent persons 


The reaction observed following the skin 
erythema dose actually the second step 
three phase The entire reaction con- 
sists first reddening which develops within 
few hours three days after exposure 
and then disappears. This early erythema not 
produced humans doses below 300 
Between 300 and 600 the color intensity 
the reaction independent dose but rather 
determined mainly the color and texture 
the skin the person irradiated. The second 
step phase reddening that develops from 
days after exposure. The color this 
phase deepens then fades. this stage which 
the real erythema dose. the reddening 
fades may followed increase pig- 
mentation that appears enormous freckles. 
These freckles may permanent. the skin 
colored races this freckle formation re- 
placed redistribution the pigment al- 
ready present. The mechanism for this pigment 
effect not present understood but the area 
involved seems more sensitive than nor- 
mal further irradiation. 

The third stage the reaction reddening 
that develops about the sixth week after expos- 
ure. This stage appears proportion the 
cases but not all. The erythema this stage 
like that the first stage that the redden- 
ing independent the dose over wide 
range. 

The severity the reaction the skin 
irradiation depends upon the conditions under 
which the radiation given. Very low doses 
produce detectible alteration the skin. 
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When effective dose reached there may 
nothing more than temporary flush the 
skin. the dosage increased, the first inevit- 
able change that occurs that the hair the 
irradiated person loosens the irradiated area. 
This stage followed actual loss the hair 
from their This temporary con- 
dition and the hair regrows within three four 
months. 

Radiation stops the growth hair its 
action the dividing cells lining the hair fol- 
licles. When the cell division stops, the hair 
loosens and falls out. This followed 
rapid regeneration but the timing both the 
epilation and repair influenced the partic- 
ular state hair development the time 
The replacement hair may have 
different characteristics (including color) than 
did the hair present before 
possible, course, that the dividing cells the 
hair follicle can killed excessive irradia- 
tion. this happens the hair does not return 
but the entire area permanently 


somewhat different mechanism seems 
operating the case thindown hits from 
heavy nuclei cosmic radiation. this case the 
irradiation can cause the hair follicle pro- 
duce white hair instead colored one. 
After some time the hair falls out and does not 
return, contrast the action The 
phenomenon involving cosmic radiation net 
sufficiently well understood permit explana- 
tion present. 

doses slightly greater than the epilation 
dose x-ray, erythema produced the 
majority individuals. This generally occurs 
about 1000 for gamma rays and about 400 
for soft the dose level increased 
still further the erythema may take the form 
dark red purple reaction the skin. This 
followed the formation blisters, small 
first but then increasing size the coal- 


escing different lesions. The blisters are 
formed the epidermis result cell 


destruction which allows fluid collect be- 
tween the cell layers. With the collection 
fluid, tension the skin develops 


1 
1 
q 
4 
q ‘ 
( 
| 
1 
q 
4 
‘ 
4 
ye 
q 


BLAINE LEVEDAHL 


tension means the blisters will break easily. 
This leaves the basal layer even the dermis 
the skin exposed and this raw surface appears 
red bright pink oozing clear yellow 

After very heavy irradiation lethal effect 
may produced wide scale including both 
the epidermis and dermis. This condition gives 
rise radiation ulcer During such 
exposure the radiation behaves without dis- 
crimination destroying cells independent 
their state the time exposure. 

Irradiation and Thermal Burns. The action 
radiation the the skin somewhat 
analogous the action seen thermal 
Because the similarity some work has been 
done assist understanding the interrelation- 
ship between thermal burns 
injury result nuclear explosions ex- 
posure. Animals subjected only thermal 
burns either die within hours else they 
recover. This action permits one calculate 
median lethal burn area (LA) expressed 
percentage the total body surface area. Using 
this nomenclature LA-50 (48 hr) dose for 
thermal burn alone percent. 100 
total body irradiation used conjunction 
with the thermal burn, the LA-50 dose for the 
thermal burn reduced percent. 250 
reduce the LA-50 percent, while 500 
reduce percent. Radiation doses 100 
250 have lethal effects and them- 
selves for the rats used such experiments. 
These experiments may viewed slightly 
different way for the sake clarification. Burns 
covering percent the animal body 
caused death percent the control ani- 
mals. 100 x-ray are given the same 
time there percent mortality and 250 
x-ray are given with 31-35 percent thermal 
burns, there 100 percent mortality the 
animals. This considerable interest since 
mortality from the burns alone occurs during 
the “shock phase” (within hr) which 
period time too short for the effects 
doses such studies has led the concept that 
there increased fragility the red blood 


August, 1959 


cells which results increased loss these 
red cells. This factor may important the 
elevated death rate the irradiated-burned 
animals. Hence, while there may superficial 
similarity radiation and thermal burns, there 
are also complicating differences. 

Beta Ray Burns. Some experience with beta 
ray burns has been gained through studies 
accidental Beta ray burns offer 
odd combination both thermal type and 
x-ray type burns. one considers beta rays 
mev maximum energy, about percent 
the radiation absorbed the first 
tissue and percent absorbed the first 
tissue. the accidental exposures studied 
the total dosage was from 3000 16,000 rep. 
This would mean that the dosage 
depth would 300-1600 rep and 
depth, 30-160 rep. With this dosage the skin 
reaction falls into four distinct phases: (1) 
Initial erythema and edema occurs with some 
blanching the areas greatest exposure. 
This effect reaches maximum and 
then subsides. (2) There relative absence 
signs for 3-5 days. Six eight days after 
exposure Phase (3) begins with the develop- 
ment secondary erythema. For about two 
weeks the erythema spreads and the number 
blisters (vesicles) increase, finally coalescing 
form extensive pumps (bullae). Phase (4) 
the chronic stage which some areas with 
serious vascular damage remain unhealed. 
this stage and about months time 
there may ulcerations and considerable atro- 
phy soft tissue. 


soon radiation damage has been done 
the skin, cells the neighborhood begin the 
process repair. The success this repair. 
course, depends the amount radiation ab- 
sorbed and the damage done. With slight eryth- 
ema the repair appears complete. With 
heavier irradiation the repair may not totally 
successful and one may have either the deposi- 
tion pigment the formation scar tissue. 
There may also over-compensation the 
part connective tissue that locally, the 
amount tissue finally present excess 
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consist orderly arrangement cells which 
are derived from “germinal” basal layer 
which turn rests the basement membrane. 
All the cells the basal layer have the capa- 
city cell division and any given time there 
are many mitotic figures present among the 
resting cells. The cells the outer layers the 
epidermis not divide but show progressive 
increase differentiation they approach the 
surface the body. Cells from the basal layer 
travel slowly outward toward the surface the 
body and change slowly they move. When 
one the differentiated cells die, replaced 
another ultimately derived from the germi- 
nal layer. 

This process cell division and cell differ- 
entiation the skin goes all through life. 
Normal skin essentially feed-back mechan- 
ism which the activity the germinal layer 
kept step with that the other layers 
the skin. The balance maintained the fact 
that some daughter remain the germinal 
layer potentially dividing cells instead dif- 
ferentiating. Each daughter cell formed has 
within itself the ability undergo subsequent 
division differentiate. should appar- 
ent that one daughter cell remains the ger- 
minal layer for each cell which migrates away 
from the basement membrance the more su- 
perficial layers the skin. Hence, there 
always the same number cells the germinal 
layer. 

The differentiated cells that form the outer 
layer eventually become dead, dry, “keratin” 
which will eventually rub off. This keratin sur- 
face provides the insulating and weather- 
proofing characteristics the skin. most 
places the body this outer layer about 
thick, but selected areas such the sole 
the foot, the thickness may several milli- 
meters. 


The basement membrane upon which the 
epidermis rests has structure analagous that 
seen corrugated cardboard. The net effect 
the undulations the layer increase the 
total area and hence give extended surface 
for the germinal layer cells. addition 
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this undulated structure, the presence pockets 
the form hair follicles and modified sweat 
glands also add the total area available for the 
germinal layer. 

the deeper layers the epidermis are cells 
that upon exposure sunlight form pig- 
The mechanism which the pigment 
formed not understood. One thing seems 
clear; namely, white races the pigmentation 
seasonal and varies with the amount sun- 
light. the pigmentation irregular, one 
recognizes the result freckles. 

The dermis that part the skin lying 
under the basement membrane has very dif- 
ferent structure than does the epidermis. The 
dermis essentially “packing which 
also acts heat insulator. composed 
connective tissue, elastic fibers and fat. The 
connective tissue made fine fibrils 
between which droplets water are stored. 
this water that gives certain elasticity the 
skin. 

The dermis varies greatly thickness over 
the area the body. the connective tissue 
part the dermis one finds blood vessels, 
nerves, and nerve endings, particularly those 
associated with the sense touch. The part 
the dermis nearest the epidermis contains 
fine capillary bed. 

The dermis, because its water content, 
fiber content and fat gives the resilience that 
one finds the skin. Like the epidermal cells, 
dermal cells also may contain pigments. How- 
ever, the pigmentation observed this layer 
permanent and will not wear off. 


Irradiation the Skin 


The skin very highly specialized organ 
system that discharges many function besides 
simply covering the outer surface the body. 
The skin easily injured but the same time 
has remarkable power repair. Fortunately, 
most injuries that occur the skin involve 
relatively small percentage the total area 
the body. Because this there generally 
plenty normal tissue that remains and the 
healing process can then begin from this tissue. 
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injury covers wide area the body surface 
all once, the consequences can serious 
simply because there not sufficient normal 
skin left dominate the repair process. 

The “skin tolerance” radiation has been 
one the limiting factors radiotherapeutic 
technique matter what equipment used. 
This tolerance has been very useful checking 
gross overdosage radiation therapy because 
any tendency toward overdosage followed 
very soon visible evidence mistake. The 
skin effect is, however, less evident the wave- 
length the radiation this 
way the highly penetrating radiations many 
modern high energy units pass through the 
skin with little effect it. Some high energy 
machines deliver dose which actually “builds 
up” maximum value with increase depth 
penetration. The tissue immediately below 
the skin actually receives dose radiation 
which greater than that received the skin 
because scattering within the tissue layers. 

When the epidermis injured radiation 
other means, the injured lost tissue 
replaced overgrowth the adjacent non- 
injured tissue cells. When the dermis injured 
there more complex process recovery 
although the same general mechanism seems 
hold. The different types cells found the 
dermal layer all have their own characteristic 
powers recovery. The connective tissue cells 
repair most rapidly. Therefore after severe dam- 
age whether caused acute injury 
series small injuries spread over extended 
period time, the connective tissue cells “out 
repair” the other tissues and scar tissue 
formed. This scar tissue is, course, totally 
different from normal skin and cannot carry out 
the normal functions observed skin. Once the 
scar tissue formed permanent and the 
skin that area never does recover its normal 
function. 


Agents such sunlight may beneficial 
the skin small amounts but becomes injur- 
ious when received excess. Excessive amounts 
sunlight may give rise condition known 
variously seaman’s skin, skin, 
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tropical skin. This condition essentially the 
production lesions radiation. the skin 
grossly over-exposed the sun the injury may 
even further and the functioning skin 
cells become disorganized that permanent 
changes may occur which may lead 
Though this possible action, formation 
cancer this method improbable rare 
temperate climates. Even areas where such 
events can occur takes very long time 
produce. For example, takes about four years 
haphazard exposure x-ray produce can- 
cer compared with period about 
years produce sun cancer. 

Production Erythema. soon the early 
workers the field realized that was pene- 
trating radiation that actually caused injury 
the skin, the reactions the skin planned 
radiation dosage under great many physical 
parameters were studied. was found that 
tion would produce definite reddening ery- 
thema the skin; this effect was transient and 
disappeared without leaving any recognizable 
effect. 

There are numerous detailed descriptions 
the erythema caused beta 
particles. will suffice here simply sum- 
marize number statements that appear 
apply equally well the response either 
type radiation. 

The production this erythema influenced 
many factors. Some these factors are 
physical and some are Among the 
physical factors are wavelength the radiation, 
duration irradiation, whether the radiation 
given single multiple exposures, and the 
intervals between irradiation. 


adjustment the physical factors 
possible divide the dose, reduce the radia- 
tion intensity and this way increase the total 
dose radiation administered without increas- 
ing the amount damage. this technique 
possible increase the radiation dose 
factor times without causing damage 
the Obviously there limit this. 

Biological factors also influence the produc- 
tion erythema irradiation. Such factors 
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sex, skin site chosen, race, age, degree tan- 
ning, color the skin and the inclusion 
bone all modify the erythema response. 

convenient biological indicator dosage pro- 
viding all the physical factors are controlled and 
only one individual assesses what proper 
erythema. standard form generally fol- 
lowed that the skin erythema dose con- 
sidered that irradiation that will just produce 
slight reddening tinting the skin 
percent persons 


The reaction observed following the skin 
erythema dose actually the second step 
three phase The entire reaction con- 
sists first reddening which develops within 
few hours three days after exposure 
and then disappears. This early erythema not 
produced humans doses below 300 
Between 300 and 600 the color intensity 
the reaction independent dose but rather 
determined mainly the color and texture 
the skin the person irradiated. The second 
step phase reddening that develops from 
days after exposure. The color this 
phase deepens then fades. this stage which 
the real erythema dose. the reddening 
fades may followed increase pig- 
mentation that appears enormous freckles. 
These freckles may permanent. the skin 
colored races this freckle formation re- 
placed redistribution the pigment al- 
ready present. The mechanism for this pigment 
effect not present understood but the area 
involved seerns more sensitive than nor- 
mal further irradiation. 

The third stage the reaction reddening 
that develops about the sixth week after expos- 
ure. This stage appears proportion the 
cases but not all. The erythema this stage 
like that the first stage that the redden- 
ing independent the dose over wide 
range. 

The severity the reaction the skin 
irradiation depends upon the conditions under 
which the radiation given. Very low doses 
produce detectible alteration the skin. 
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When effective dose reached there may 
nothing more than temporary flush the 
skin. the dosage increased, the first inevit- 
able change that occurs that the hair the 
irradiated person loosens the irradiated area. 
This stage followed actual loss the hair 
from their This temporary con- 
dition and the hair regrows within three four 
months. 

Radiation stops the growth hair its 
action the dividing cells lining the hair fol- 
When the cell division stops, the hair 
loosens and falls out. This followed 
rapid regeneration but the timing both the 
epilation and repair influenced the partic- 
ular state hair development the time 
The replacement hair may have 
different characteristics (including color) than 
did the hair present before 
possible, course, that the dividing cells the 
hair follicle can killed excessive irradia- 
tion. this happens the hair does not return 
but the entire area permanently 


somewhat different mechanism seems 
operating the case thindown hits from 
heavy nuclei cosmic radiation. this case the 
irradiation can cause the hair follicle pro- 
duce white hair instead colored one. 
After some time the hair falls out and does not 
return, contrast the action The 
phenomenon involving cosmic radiation not 
sufficiently well understood permit explana- 
tion present. 

doses slightly greater than the epilation 
dose x-ray, erythema produced the 
majority individuals. This generally occurs 
about 1000 for gamma rays and about 400 
for soft the dose level increased 
still further the erythema may take the form 
dark red purple reaction the skin. This 
followed the formation blisters, small 
first but then increasing size the coal- 
escing different lesions. The blisters are 
formed the epidermis result cell 
destruction which allows fluid collect be- 
tween the cell layers. With the collection 
fluid, tension the skin develops and this 
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tension means the blisters will break easily. 
This leaves the basal layer even the dermis 
the skin exposed and this raw surface appears 
red bright pink oozing clear yellow 
After very heavy irradiation lethal effect 
may produced wide scale including both 
the epidermis and dermis. This condition gives 
rise radiation ulcer During such 
exposure the radiation behaves without dis- 
crimination destroying cells independent 
their state the time exposure. 
Irradiation and Thermal Burns. The action 
radiation the level the skin somewhat 
analogous the action seen thermal 
Because the similarity some work has been 
done assist understanding the interrelation- 
ship between thermal burns 
injury result nuclear explosions ex- 
posure. Animals subjected only thermal 
burns either die within hours else they 
recover. This action permits one calculate 
median lethal area (LA) expressed 
percentage the total body surface area. Using 
this nomenclature LA-50 (48 hr) dose for 
thermal burn alone percent. 100 
total body irradiation used conjunction 
with the thermal burn, the LA-50 dose for the 
thermal burn reduced percent. 250 
reduce the LA-50 percent, while 500 
reduce percent. Radiation doses 100 
250 have lethal effects and them- 
selves for the rats used such experiments. 
These experiments may viewed slightly 
different way for the sake clarification. Burns 
covering percent the animal body 
caused death percent the control ani- 
mals. 100 x-ray are given the same 
time there percent mortality and 250 
x-ray are given with 31-35 percent thermal 
burns, there 100 percent mortality the 
animals. This considerable interest since 
mortality from the burns alone occurs during 
the “shock phase” (within hr) which 
period time too short for the effects 
irradiation seen. Careful graduation 
doses such studies has led the concept that 
there increased fragility the red blood 
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cells which results increased loss these 
red cells. This factor may important the 
elevated death rate the irradiated-burned 
animals. Hence, while there may superficial 
similarity radiation and thermal burns, there 
are also complicating differences. 

Beta Ray Burns. Some experience with beta 
ray burns has been gained through studies 
accidental Beta ray burns offer 
odd combination both thermal type and 
x-ray type burns. one considers beta rays 
mev maximum energy, about percent 
the radiation absorbed the first 
tissue and percent absorbed the first 
tissue. the accidental exposures studied 
the total dosage was from 3000 16,000 rep. 
This would mean that the dosage 
depth would 300-1600 rep and 
depth, 30-160 rep. With this dosage the skin 
reaction falls into four distinct phases: (1) 
Initial erythema and edema occurs with some 
blanching the areas greatest exposure. 
This effect reaches maximum and 
then subsides. (2) There relative absence 
signs for 3-5 days. Six eight days after 
exposure Phase (3) begins with the develop- 
ment secondary erythema. For about two 
weeks the erythema spreads and the number 
blisters (vesicles) increase, finally coalescing 
form extensive pumps (bullae). Phase (4) 
the chronic stage which some areas with 
serious vascular damage remain unhealed. 
this stage and about months time 
there may ulcerations and considerable atro- 
phy soft tissue. 


soon radiation damage has been done 
the skin, cells the neighborhood begin the 
process repair. The success this repair. 
course, depends the amount radiation ab- 
sorbed and the damage done. With slight eryth- 
ema the repair appears complete. With 
heavier irradiation the repair may not totally 
successful and one may have either the deposi- 
tion pigment the formation scar tissue. 
There may also over-compensation the 
part connective tissue that locally, the 
amount tissue finally present excess 
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the original. Hence one sees parallel the 
skin responses x-ray and beta rays. 

Reactions the skin radiation all appear 
relatively slow. That is, the observable 
changes occur only some length time follow- 
ing irradiation. However, one does histologi- 
cal examination the skin immediately after 
even small doses radiation one finds definite 
The significance the histological 
changes difficult assess. This because 
has not been possible date relate the 
changes seen microscopically with the events 
that later date will observable the 
naked eye. 


Response Dermal and Epidermal Layers 
Irradiation 


discussed the general response 
the skin irradiation. would now seem 
feasible discuss the effects irradiation that 
have been observed the dermal and epider- 
mal layers specifically. 

The germinal layer cells the skin, like 
those every other tissue possess cells the 
resting state, the mitotic state, the differentiat- 
ing state and the degenerating state. One would 
expect that these cells would respond radia- 
tion the same way any other cell system. 
Hence, the first action radiation dimin- 
ish cell division. the case the tissue 
culture system, the cells affected radiation may 
either recover they may die when division 
attempted. Under certain conditions the cells, 
blocked from further division, may undergo 
differentiation, this happens the epidermal 
layers the skin there will increased 
number keratinized cells the expense 
the other cells the system. higher doses 
radiation, predominant number the 
germinal layer cells may killed. Overpro- 
duction adjacent non-injured cells then 
the usual form repair. The repair may 
effected the formation flat sheath 
cells that covers the entire area and conserves 
material. This emergency repair becomes per- 
manent once has 

Striking changes the epidermal cells are 
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seen when the cells are exposed intermittent 
intervals small doses com- 
plex process initiated consisting primarily 
destruction and secondarily reparative growth 
Infection sometimes observed. 
The changes that occur begin slowly without 
symptoms but the course time the tissue 
becomes swollen and stiff and hair, present, 
lost. The skin surface usually dry and may 
either smooth and tense from loss cells 
wrinkled and warty from the accumulation 
horny differentiated cells. The dryness due 
cells the glands lying the dermis. Irradia- 
tion inhibits their action and temporarily alters 
their action. The loss secretory power par- 
tially due the direct action radiation ,par- 
tially cutting off the supply new cells 
interference with cell division and partially 
the effect radiation the blood supply. For 
short period time there are cell replace- 
ments compensate for the wear and tear 
which continually goes among cells gland- 
ular tissue. With lack cell replacement the 
secretion fails. 


The action alpha particles the level 
the epidermal layers represents complication 
action radiation.** has been shown that 
the effects thorium skin due the 
alpha particles but that the effects are far be- 
yond the range these particles tissue. This 
action might eventually explained terms 
formation new chemicals, diffusion 
the thorium into the skin through sweat 
sebaceous materials, summation radia- 
tion action many adjacent areas including 
the effects marked concentration found 
both the surface and within the epider- 
mis. However, even without explanation ap- 
parent for the action, this example demonstrates 
complicating factor that must ultimately 
explained describing the action radiation 
the skin. 

When radiation affects the dermal tissue one 
the most important phases the action 
the blood vessels. High doses radiation can 
produce capillaries that are rigid and 
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they may affect the inner lining cells 
the larger vessels discussed under the section 
the circulatory system. Injury the blood 
vessels either process results loss blood 
supply the region normally supplied these 
vessels and this turn will produce tissue 
damage quite apart from the direct action 
the irradiation. Lower doses irradiation may 
only impair the vessel wall, allowing leakage 
first fluid and then blood cells and finally 
whole blood. The extent this loss de- 
pendent upon the dosage irradiation suffered. 


general, radiation damage the skin 
affects permeability the capillary blood ves- 
sels found the dermal possible 
detect radiation damage the use this 
fact. Application negative pressure over 
defined area the skin will result rupture 
some the small vessel walls and small 
lesions are formed that permit the blood run 
into the tissue spaces. These lesions are called 
petechiae. pressure chosen such 
that petechiae are formed one minute, 
one then has measurement that permits evalu- 
ation the capillary blood vessel resistance. 
Over irradiated skin the negative pressure must 
increased because the walls the vessels 
have become stiffened. three weeks after ir- 
radiation may necessary raise the nega- 
tive pressure mercury. damage has 
not been too severe the vessel walls the nega- 
tive pressure needed produce the petchiae 
gradually drops back normal the vessel 
walls are repaired. Permanent fibrosis the 
blood vessels can also detected this 
method. 

radiation, any alternative channels can 
used carry the blood and new vessels may 
formed. These new vessels may increase 
number and size make network fine 
hollow threads visible the naked 

That the effects intensive irradiation 
the skin are more complex than our discussion 
would far indicate seen radiation ulcers 
are produced x-ray and treated with corti- 


sone. Six thousand “r” applied the skin 
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guinea pigs results deep ulceration. corti- 
sone administered before irradiation 
not only the ulceration eliminated but hair 
loss delayed and early erythema lessened. 
possible that the hormone inhibits the in- 
flammation that occurs and this turn reduces 
the secondary effects brought about the 
breakdown products the 


Changes the dermis, like those the epi- 
dermis, become most conspicuous after long 
term chronic exposure irradiation. first re- 
generation accompanies the damage, but this 
balance does not last long. The destructive ac- 
tion dominates and more permanent changes 
are observed. Blood vessels are altered form 
and number and this action associated with 
pigmentation depigmentation. The net re- 
sult contracting scar which the fibers are 
more condensed, more abundant and less vascu- 
lar than the original tissue. The loss vascu- 
larity results tissue more susceptible 
further injury such mechanical physical 
factors heat, pressure, 


The Reproductive System 

The action radiation the reproductive 
system animals was not only one the first 
phenomena investigated using x-ray, but was 
also from such studies that the “law Ber- 
gonie and was first formulated. 
Since these early observations, work the 
effects radiation the reproductive system 
animals has followed rather systematic 
course numerous laboratories. 

Animal experimentation still the source 
most our information the effects radia- 
tion the generative system. Occasionally 
some information obtained when the path- 
ologist has the opportunity examine human 
tissue removed after previous irradiation. Both 
types evidence will discussed this 
section. 

The qualitative response similar for all 
animals, including man. There may, however, 
marked variation dose level radiation 
required develop particular response 
different species. This and other biological dif- 
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ferences make any strict comparison between 
man and other animals difficult and some- 
times misleading task. 

The response the reproductive system 
radiation only part the effects seen from 
irradiation the genitalia. 1927 Muller 
was able demonstrate that the hereditary ma- 
terial the chromosomes could affected 
radiation. This effect occurs without producing 
visible alterations the organ system. fact 
the animal irradiation may have observable 
response, but the offspring, many generations 
removed, will show the radiation effects. Stud- 
ies this kind nowadays constitute entirely 
new field research and are generally referred 
radiation genetics. 

The human reproductive tract, whether male 
female, can described the simplest way 
simply series specialized glands for the 
production germ cells and the ancillary tu- 
bules permit fertilization the germ cells 
occur. fertilization occurs, the complexity 
the female reproductive tract increases 
that the embryo must develop the uterus. 
Maintenance the embryo depends upon nu- 
merous functions within the female that are 
only indirectly related the embryo. Such 
functions include endocrine activity, vascular 
reactions and nutrition. 

The Male System. the normal male the 
testes the organ that produces the germ cells 
the sperm. There are general two types 
cells considered the testes. First are 
the cells the organ itself. The cells here are 
fuliy differentiated and like other muscle, nerve 
connective tissue are fairly resistant radi- 
ation. The second type cell considered 
are the so-called germinal cells, those that give 
rise the sperm. 

These germinal cells are potentially dividing 
cells. When division occurs, the daughter cells 
formed through rapid process differ- 
entiation form the male sperm cell 
spermozoa. Very large numbers sperm cells 
can formed this process. 

The fully developed mature sperm cell al- 
most pure nucleus. The only cytoplasm present 
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the organ motility, the tail. The mature 
sperm completely independent cell, fully 
differentiated and incapable further cell divi- 
sion. 

The testes capable forming very large 
numbers sperm. this requires large 
germinal layer. This large germinal layer 
made possible the presence hundreds 
tubules called seminiferous tubules. Histologi- 
cally each seminiferous tubule contains three 
types cells resting layers basement 
membrane. Adjacent the basement mem- 
brane are cells called spermatazonia. second 
layer cells made both spermatazonia 
and spermatids. The third layer cells contain 
spermatids and mature spermatozoa sperm 
cells. From this description the pattern the 
development the cells appears that 
cells and the basement layer divide and 
these cells then carry out differentiation they 
move toward the center the tubule. This 
process differentiation requires two division 
processes. The first similar the type cell 
division previously discussed, mitosis. The sec- 
ond type special type division called 
meiosis which the chromosomal number 
reduced half the original number (reduction 
division). The four cells the second division 
continue differentiate into mature sperm 
cells. 

These mature sperm cells are stored 
coiled tubule into which the seminiferous tu- 
bules empty. Sperm remain fertile for about 
seven weeks but are mobile for much longer 
period. man there are about three million 
sperm available for fertilization .of single 
ovum for which one sperm needed. other 
animals this number considerably reduced. 
For example, the mouse has 17,000 sperm 
available per ovum while the fruit fly, Dro- 


The Female System. The germ cell the 
female, the ovum, formed the ovary. 
sense the structure the ovary the reverse 
that the testes. the ovary the germinal 
cells are the exterior nodular shaped 
structure. Differentiation the ovum occurs 
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the interior the ovary progressing toward 
the outside and ultimately released from the 
exterior the gland. Development the ovum 
like that the sperm three-step process. 
For the ovum these steps are oogonia 
oocytes ovum. The differentiation the 
ovum follows the same pattern two different 
division processes. The principle difference that 
occurs that from each daughter cell only one 
fully developed ovum results. After the chro- 
mosomal number has been halved (reduction 
division) the ovum, only one cell goes 
develop. The remaining three cells degener- 
ate and are reabsorbed. 

Unlike the case sperm formation, ovum 
formation limited process. the average 
human female, one cell develops per month. 
This cell contains relatively small amount 
nucleus and large amount cytoplasm. 

The entry one sperm into one ovum pro- 
duces zygote which primitive embryonic 
cell. this total number chromo- 
somes characteristic the species regained 
with half coming from each parent cell. The 
chromosomes presumably carry the hereditary 
components the parental cells and are 
least one locus where radiation may have 
effect. 

Hormonal Influences. addition the pro- 
duction ova sperm, the ovaries and the 
testes are organs that release into the blood 
stream substances which support the secondary 
structures that serve identify women from 
men. the female these hormone substances 
are called estrogens; the male they are called 
androgens. The exact action these hormones 
mot yet understood except that they have 
some control over growth and development 
cells specific loci the body. The produc- 
tion and release these hormone substances 
the genital organs controlled feedback 
mechanism which the pituitary gland the 
second component. This pituitary gland lo- 
cated approximately the center the head 
directly behind eyes. The only connection 
with the gonad tissue through the blood 
stream. all feedback mechanisms the pur- 
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output. the case the ovaries testes and 
the pituitary gland the control maintained 
general the following fashion: release 
pituitary hormones stimulates the production 
gonadal hormones which turn suppresses 
production pituitary hormones. Women, 
keeping with the rest their nature, compli- 
cate this pattern, but not change it. 
women there are two sets feedback mech- 
anisms which are integrated control 
not only the production ova but also con- 
trol the supporting phenomenon menstrua- 
tion. 

The importance this feedback mechanism 
the radiobiologist simply that irradiation 
the ovaries testes may also influence the 
function the pituitary and also irradiation 
the pituitary may very well cause disturbances 
the production ova sperm. 


Irradiation the Male and Female Reproduc- 
tive Systems 


The influence radiation both the male 
and female reproductive systems follows much 
the same pattern. The dividing cells vary 
their susceptibility radiation according 
their degree Proliferation 
highest with the oogonia spermatagonia. 
Therefore these cells that the first effects 
radiation seen. This first effect simply 
delay cell division. the male dose radia- 
tion about 300 slightly lower will delay 
sperm production for about three weeks. the 
female, the cells are more sensitive and 170 
sufficient inhibit the oogonia and cut off 
the supply differentiating these 
low doses radiation the cells both the 
male and female that have begun differentia- 
tion, complete their maturation. However, new 
daughter cells are blocked and temporary 
sterility follows. the female such irradia- 
normal menstruation after which menses may 

higher doses radiation the germinal 
cells both the male and the female may 
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damaged irreversibly. Hence females perma- 
nent sterilization occurs after about 300 while 
castration the male occurs with about 600 

The mature germ cells are the most resistant 
the germinal cells. However, even with these 
cells the resistance radiation not constant. 
Sperm cells show change sensitivity de- 
pending upon the length time they have 
been stored various parts the genital 


The influence radiations various kinds 
sterility fertility has been examined 
many species. One generalization that seems 
permitted this time that eggs ova 
any one species are more susceptible 
radiation than sperm the same species. 
mice both and microcurie amounts 
reduce fertility the female before the male 
similar action seen with whole 
body x-irradiation administered very low 
dose rates (2.5 per day for 200 days). 
single dose radiation given, 170 will 
cause sterility and the incidence estrous, 
low for months post irradiation. monkeys 
the 50/30 dose produces changes the 
ovaries the chickens changes 
the ovarian follicle start about 400 and 
follicle degeneration about 800 the 
roosters, however, injury the spermatocytes 
begins about 1200 fish (Fundulus 
heteroclitus) eggs exposed 100,000 within 
the body the female were sometimes fertiliz- 
able with normal sperm, while sperm irradiated 
with 200,000 and then used fertilize nor- 
mal eggs could often produce some normal off- 

course, any action radiation that might 
influence the menstrual cycle humans the 
estrous cycle other animals would also affect 
fertility since could influence the course 
ovulation. female rats 400 x-ray has 
such effect while neutron bombardment 
the rate per day for days produces 
definite changes the estrous 


many mammals, the period heat” sexual 
receptivity well the process ovulation termed 
“estrous.” 
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one irradiates the zygote shortly after fer- 
tilization, the results obtained are similar 
those observed with the ova although irradia- 
tion the zygote far more damaging than 
the irradiation either This 
observation that valid not only for radiation 
but for other agents well. the human 
difficult assess damage the embryo 
radiation since there definite way that all 
abnormalities can related radiation dam- 
age cause and effect way. Doses which 
cause injury given the first month 
pregnancy usually lead death the embryo 
and abortion. After the first month the most 
likely radiation injury the central nervous 
system tissue, bone growth and the blood 
vessels. these structures that the mitosis 
rate high this time. the embryo grows 
these systems become more and more radio- 
resistant until the adult animal the central 
nervous system represents one system almost 
inert action radiation except exception- 
ally high doses several hundred thousands 


Influence Irradiation Hormonal Balance 


Gonadal effects radiation can demon- 
strated following radiation 
gland. Here, course, the feedback system 
disturbed imbalance imposed one com- 
ponent the feedback mechanism, but the net 
results, namely gonadal changes, are none the 
less the end result. Low dosage x-ray the 
pituitary rats has effect the sexual 
development the immature female. However, 
gamma radiation the level the 50/30 
given, pituitary tumors are formed this, 
course, leads malfunction the gland.” 
Neutrons are even more efficient producing 
tumors. Only rem neutrons will lead 
tumor formation and the 
dence these neoplasms may from 
months two years post the 
radiation dosage increased, more severe im- 
mediate effects are noted the pituitary. 
high energy deuterons are used, 6300 rep will 
cause total destruction the pituitary nine 
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months. 18,900 rep deuterons, the pitui- 
tary destroyed almost 

More subtle effects the interaction radi- 
ation and gonadal hormones can investigated 
process whereby irradiation and adminis- 
tration the male female hormones are 
combined. such experiments has been 
shown that testosterone (the male hormone) 
inhibits the incidence tumors formed 
irradiation mice but estradiol (the female 
hormone) augments the incidence radiation 
tumors. higher doses irradiation are fol- 
lowed estrogen treatment, there results 
higher mortality than with the irradiation 
The time administration the hor- 
mone important any such experiment. For 
example, estrogens are administered days 
before mice are irradiated, the hormone im- 
proves survival the animals. This appar- 
ently because estrogen treatment leads 
stimulation growth the tissue and the 
end ten days cells are further along 
differentiation and are therefore more resistant 
However, the estrogen given 
only slightly before the time irradia- 
tion, the cells are actively dividing and hence 
more susceptible radiation. While this an- 
swer may necessary certainly not 
cient explain all the subtle interactions 
between hormones and radiation. There are still 
numerous observations made and many 
already made but not understood will require 
more complex and detailed analysis for com- 
plete understanding. 


Radiation Genetics 


General Comments. The most reasonable 
place which discuss effects radiation 
chromosomes, genes, and mutation rate 
discussion the reproductive system. 

understand the effects radiation the 
concepts about normal cell division should 
made clear. its normal effort divide, 
cell undergoes great number very compli- 
cated, simultaneous reactions. general way 
this division (mitosis) can thought 
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very complicated self-replicating servo system. 
This servo system made extremely 
large number feedback loops. These loops 
may imteract many ways and still have 
end result that appears represent equi- 
librium near equilibrium condition. How- 
ever, one were look one single feedback 
loop function time, possible that 
might never represent constant function, 
but may vary over wide range operation. 
The question then arises how far given 
feedback loop can vary before the compensa- 
tory action all other associated loops cannot 
control the system, before error the 
system can detected gross observation. 
other words, how far can system vary and 
still considered “normal”? 


exactly this problem that complicates 
study normal cell division. Sometimes 
minor “error” coordination two feedback 
loops leads immediately the death the cell. 
Sometimes what appears total disruption 
the cell, does not even slow down the normal 
cell operation. date has not been possible 
categorize the types damage that lead 
cell death. Therefore, when the effects stress 
such radiation are studied cell division, 
one restricted description gross changes 
that occur either the irradiated system 
the offspring the irradiated system. Never- 
theless one realizes that there may numerous 
actions the radiation that may disrupted 
the cell, but simply cannot observed 
evaluated our present standards and 
edge. 

Numerous excellent reviews are available 
the effects radiation the genetic composi- 
tion and behavior both plant and animal 
and details the subject are 
desired these reviews should consulted. 
what follows here effort will made 
offer only major concepts and observations. 
hoped that the material chosen will least 
make the reader aware the complications 
the field, even does not answer his 
questions. 

low 
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doses irradiation may nothing more than 
simply delay division. This implies that al- 
though some injury inflicted, followed 
reparative process during the period between 
irradiation and Once the division be- 
gins cell, may take very heavy irradia- 
tion stop the division process. However, even 
division not stopped individual chromo- 
somes may injured quite small doses 
radiation. Breakage the chromosome appar- 
ently occurs simply because ionizing radiation 
shakes the chromosomes and some mechan- 
ism transmits enough energy disrupt the 
system. Once the breakage has occurred, recov- 
ery (restitution) may occur fairly rapidly. Un- 
less the recovery rapid the damage that 
done becomes permanent, either the form 
permanent break abnormal joining. 


the case the breakage single 
chromosome there are three possible results be- 
sides immediate recovery: 

(1) Deletion: Part the chromosome cut 
off and becomes loose part not rejoining the 
nucleus. 

(2) Translocation: The broken part the 
chromosome becomes attached the other end 
the same thread. 

(3) Inversion: chromosome 
fragment becomes reattached its distal end 
the thread from which broke. 

When cells are irradiated, the majority prob- 
ably rejoin and give restituted chromosome 
different than the original. The form the 
restituted chromosome obviously depends 
the location the break along the thread and 
upon the degree motion the cell parts. 
Any circumstance parameter that favors 
movement the chromosome during irradia- 
tion, decreases the chance repair and gives 
higher incidence chromosomal aberration. 

The number simple chromosomal breaks 
that occur with radiation dependent upon 
the dose given. two breaks occur simultane- 
ously the same chromosomes, the four broken 
ends may rejoin new ways. The portion 
between the two breaks may restituted ex- 
cept reverse order ring may formed 
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the union the two ends between the two 
breakpoints leaving fragment unattached 
without centromere. This fragment will come 
adrift division. When the centromeres pull 
apart anaphase the chromosome body in- 
capable completely dividing and “bridge” 
formed. similar situation can arise two 
different chromosomes are broken and the four 
ends are close enough proximity that one 
chromosome body has both centromeres and 
the other fragment has none. 

Any these radiation induced changes the 
chromosome may give rise mechanical dif- 
ficulties division that will lead death 
the cell, but this cell can have offspring analo- 
gous gene mutation and these are often 
dominant character. The chromosomal 
rations may cause marked damage infertility 
the first generation offspring and this way 
are more severe than the radiation induced gene 
changes that are recessive 


Chromosomal aberrations offer very con- 
venient and accurate quantitative measure 
certain radiation effects. Such experiments are 
almost ideal for statistical purposes because the 
chromosomes act targets where hits can 
observed and recorded. From experiments 
this kind appears that gene mutations are 
less frequently produced than structural changes, 
fact the gene mutations may more fre- 
The type damage observed flies 
insects known exist many kinds 
organisms including Exactly how the 
animal experimentation can man 
not yet known; however, obvious that 
when human genetic tissue exposed radia- 
tion that some changes certainly will occur. The 
question arises what the permitted max- 
imum dose radiation for human beings. This 
question somewhat complex and will dis- 
cussed some detail later section. How- 
ever, one can say present that since the radia- 
tion effects are cumulative there thresh- 
old dose and any radiation must considered 
incurring some risk. Accidental exposures 
humans both neutron and gamma irradiation 
have shown that even after very severe des- 
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truction gonadal tissues, the end two 
years there incomplete return sperm 
How this may effect the offspring 
the individual cannot course evaluated 
for several generations. 

Gene Mutations. Heritable changes may also 
caused modification the gene, situ, 
that without changing the location the 
gene the chromosome. this case there 
visible change the cell and result 
way detect the abnormality except the 
effect appears later 

Chromosomal aberrations gene mutations 
may occur somatic These changes may 
lead local changes but such changes are not 
completely determinable present means. 
However, changes damage germ cells 
(sperm ovum) lead consequences that 
are far more serious than corresponding changes 
the somatic cells because the changes may 
passed the Only that radiation 
which affects the germ cells (sperm ovum) 
can considered influential production 
inheritable mutations. 

Gene mutations are known occur spontan- 
eously. long-lived organisms such mar 
there seems low probability the spon- 
taneous change because there greater sta- 
bility the gene material than that shorter 
lived species. new mutation arises will 
course suffer genetic death not 
passed subsequent generation. Some 
mutations are lethal and may eliminated 
from the society the death the individual 
carrying them. (Examples hemophlilia and 
muscle dystrophy. 


the average large population the 
elimination mutated genes from the society 
offset the spontaneous inception new 
mutations. The net result that the rate 
mutation the entire population 
roughly constant. The majority spontaneous 
mutations appear minor heritable changes 
that are not serious nature but are never- 
theless deleterious one way another. 


mutation course can advantageous the 
species, 
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damage done gene, the results 
this damage may not apparent for many 
generations may apparent only one 
generation. The uncertainty when the muta- 
tion will become apparent simply statistical 
uncertainty and occurs for the following rea- 
sons. When two germ cells are joined form 
zygote, the chromosomes line such 
way that similar genes are “paired.” Since each 
gene the pair has come from different 
parent, and since each gene carries factor that 
will developed the growing organism, the 
genes given pair must obviously interact 
with each other produce some given end 
result. one gene pair determines the 
inant. 

ture has affected one this pair, the influence 
the second gene overshadowed and 
alteration appears the offspring. the 
change that occurs the mutation reces- 
sive change, that the change that not 
dominant nature, the characteristic will not 
transmitted the progeny until the gene 
paired with another gene that has undergone 
similar alteration. This pairing might happen 
some chance quite quickly. more likely, 
however, that many generations may elapse be- 
fore the conjugation effected. this way 
each individual may carry far greater number 
recessives than himself acquires one 
generation and the majority recessives prob- 
ably never come light all. The situation 
might serious, however, circumstances 
such elevated irradiated level the en- 
tire population brought about such addition 
the number recessives that the chance was 
materially increased for two such genes 
combine. 


The distinction between dominant and reces- 
sive mutations not always clear and one 
observes various grades dominance actual 
practice. some cases the dominance exerted 
incomplete and the effect seen the progeny 
intermediate between the typical effect and 
that observed with the recessive mutation. 
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Sex Linked Characteristics. Human beings 
have chromosomes and the number genes 
With such large number virtually im- 
possible track the course all mutations. 
possible simplify the problem, however, 
considering only those mutations that are sex 
linked. About percent the observable mu- 
tations are actually sex The determina- 
tion sex one the most obvious heritable 
characteristics associated with the chromosomal 
action. The method action sex determina- 
tion varies different species; however, one 
principle mechanism, which also acts man, 
apparently brought about dissimilar chom- 
osomes. All ova possess so-called chromo- 
some and the male sperm has either 
sperm bearing chromosome results 
fertilized egg containing two chromosomes 
which will subsequently develop into female 
offspring. the ovum fertilized sperm 
bearing chromosome, the fertilized egg 
will have and chromosome (XY 
composition) and will subsequently develop 
into male offspring. 


The and chromosome, like all other 
chromosomes, carry genes associated with defi- 
nite characteristics, some which are called 
“conditional dominants.” This means that the 
mutation considered goes either the male 
female offspring only. this way one 
chromosome carries lethal mutation and this 
mated chromosome, the resulting male 
combination lethal since the chrom- 
Osome cannot counteract the mutation. the 
(mutated) mated (normal), the 
resulting female (XX) combination survives 
since normal chromosome present 
counteract the effects the mutated chrom- 
osome. the use this knowledge great 
deal work radiation biology has been done 
the geneticist tracing out the effects 
radiation offspring irradiated animals. 
must always remembered, however, that the 
picture may not simple choose 
view it. For example, several separate genes may 
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involved the transmission single 
characteristic such the case for the trans- 
mission eye color. 

Mutation Rate. When cells are exposed 
radiation variety chromosomal aberrations 
appear and the number mutations in- 
creased. Radiation induced mutations are exact- 
the same kind that arise spontaneously. The 
effect the radiation simply increase the 
rate which the mutations occur. 

The influence radiation mutation rate 
seems remarkably constant over wide 
range species. Experiments have been done 
(fruit flies)® and and all show similar 
results. consequence the problem posed 
whether man may not also suffer the same 
effect. dose about doubles the ob- 
served mutation rate experimental system. 
This means that the dose approximately 
has produced induced mutation rate just 
equal the spontaneous mutation rate. 
makes difference how the dose adminis- 
tered, since the effect dependent only the 
total energy over very wide Appar- 
ently the effect also independent wave- 
length, dose rate, and spacing the dose 
radiation. 


The Digestive Tract 


The Normal Digestive Tract 


Both the size and the structure the alimen- 
tary canal are factors that are important 
understanding the effects radiation the 
digestive tract. 

the human the digestive tract about 
long while the diameter the tract varies 
along the length, with total surface area 
one half the surface area the body 
about 

Like the size, the structure the digestive 
tract also varies different parts the tract. 
general, however, the structure importance 
consideration radiation effects appears 
simply basement membrane covered 
with single layer epithelial cells. The base- 
ment membrane pleated appearance form- 
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ing series crypts and villi. The net effect 
this structure provide sheath epi- 
thelial cells whose total surface area amounts 
several times the total surface area the 
body. The layer epithelial cells contains cells 
all states cell growth and differentiation; 
namely, resting cells, mitotic cells, differentiated 
cells and dying cells. These cells are all mixed 
together form the single layer. 

Since the epithelial cells are covering sur- 
face along which food stuff move, there 
considerable wear and tear the cells. 
maintain the covering normal form, the rate 
cell division (for cell replacement) must 
high. These new cells are derived multi- 
plication the reserve daughter cells scattered 
throughout the cell layer. 

the underside and close proximity 
the basement membrane are very fine branches 
blood and lymph vessels that connect the 
digestive system with the other organs the 
body. addition the blood supply, there 
are layers smooth muscle that line the tract. 
These muscles and the controlling nerve plex- 
uses provide the power move the food along 
the digestive tract. 

Besides functioning absorb the food stuffs 
from the gut, the highly differentiated epithelial 
cells are capable secreting juices and fluids 
into the gut. These juices and fluids are in- 
volved digestion the food stuffs. 


Irradiation the Alimentary Canal 


The epithelial cells the gut are easily 
affected radiation but some regions are more 
sensitive than others. one measures sensitivity 
gut cells terms threshold injury dose, 
one finds different sensitivity distribution than 
the sensitivity gauged damage done 
after exposures above-threshold The 
difference observed probably due varying 
degrees success the different tissues re- 
pair processes that are initiated the original 
injury. This point some interest because 
means that the gut there the possibility 
producing gross injury places other than 
those that receive the highest irradiation dose. 
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Irradiation mice rats with amounts 
radiation the mid-lethal range (approxi- 
mately 500 leads some interesting results 
the level the Mitosis stopped 
within approxmately one-half hour after irra- 
diation. many cells the crypts have 
returned normal but this time the epithe- 
lium the villi shows the maximum damage. 
Apparently the cells the villi become dam- 
aged more after exposure, time 
when the cells the crypts are being repaired. 
The animals die when the cells the villi 
show their greatest damage. Accompanying the 
histological changes, there decreased ab- 
sorption salt from the intestine and indeed 
the net flow water the irradiated animal 
from the blood into the intestine while the 
control animal the direction just the reverse. 
This action results dehydration the ani- 
mal during about the first three days post irra- 
diation. There rehydration following this 
period with maximum water absorption 
about the sixth day post irradiation. During this 
period maximum water reabsorption 
day) there decrease the rate uptake 
glucose. This appears mean that the per- 
meability the intestine adversely affected 
even though rate water passage increased. 

with other tissues, the first effect irra- 
diation the gut interference with mitotic 
activity the epithelial cells. This followed 
cell degeneration which results large 
number cells being thrown off the basement 
membrane and the folds crypts the gut. 
The cells the crypts are extremely sensitive 
radiation and the first effects are seen 
these cells. The cells the villi seem 
more any case the gut becomes 
cluttered with these cells and proper function 
digestion 


Once radiation damage has occurred, repair 
proceses are instigated once. Some areas may 
well suffer from over-production the repair 
process. this case the replacement cells 
not appear, the original cells, single 
layer. Rather there are regions where the cells 
are stacked one top another untidy 
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1. Skin 


300-600 r results in erythe- 
ma 10-28 days post-irradiation. 


400 r causes loss of hair. 


Above 600 r there may be 
peeling of skin and blistering. 


2. Reproduction 


170 r delays mitosis and stops 
menstruation 1-3 years. 


300 r sterilizes the female. 


300 r delays sperm production 
about 3 weeks. 


600 sterilizes the male. 
Probably no lower safe limits of 
irradiation for genetic effects. 


Fig 10. Summary biological effects radiation four organ systems. 


mess. These overcrowded areas may alternate 
with areas where there deficiency 
this way there are areas the 
lining the gut that are denuded areas and 
have power secretion. these denuded 
areas the normally differentiated cells are re- 
placed connective tissue. 

The consequence even minor damage 
abnormal irritation cells along considerable 
length gut the neighborhood the 
affected cells. This generally results in- 
creased movement the whole intestine caus- 
ing diarrhea which may may not accom- 
panied the loss blood into the bowel. 

cell destruction widespread and affects 
large mass epithelial cells, the tissues be- 
neath the surface layer will laid bare and 
ulcer will formed. This permits invasion 
bacteria which normally inhibit the gut. The 
ulceration that formed seldom limited 
only one area. The irritation that occurs may 
give rise such vigorous action the intes- 
tine that further mechanical damage done 
elsewhere along the epithelium and this results 
general ulceration all along the intestinal 
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3. Circulatory System 


For a given dose of radiation the 
blood cell counts decrease as follows: 


Red cells reach a minimum in sev- 
eral weeks. 


Granulocytes (white cells) reach a 
minimum in several days. 


Lymphocytes (white cells) reach a 
minimum in several hours. 


Unless irradiation is excessive (sev- 
eral hundred r) the changes in cell 
count are reversible. 


Blood clotting times prolonged by 
irradiation. 


Blood vessel walls damaged by 
single doses of 100 r or greater. 


4. Digestive Tract 


Irradiation in the mid-lethal range 
damages cells of digestive tract and 
leads to dehydration and bacteremia. 
Because of mechanical movement ul- 
cerations formed in the tract may not 
be at original site of radiation damage. 
Effects may be seen after several 
weeks of delay postirradiation. 


Bacteremia Result Irradiation. The 
invasion bacteria common the gut but 
foreign the blood stream arises many prob- 
lems consideration the effects irradia- 
tion. mice and rats the maximum incidence 
infection about days post irradiation. 
The bacteremia (bacteria blood stream) 
parallels the daily death rate the animals 
thus indicating that infection probably 
factor radiation Associated with the 
bacteremia there is, course, decrease the 
available white blood cells combat the in- 
fection. This makes the bacteria doubly danger- 
ous. The use antibiotics has been successful 
preventing decreasing radiation deaths 
attributable this bacteremia. date would 
appear that streptomyecin probably the most 
effective antibiotic for this 

Extra-Intestinal Damage. The action irra- 
diation not limited the intestine. Radiation, 
whether from radium (x- and stron- 
tium (beta particles) x-ray, lead de- 
crease the gastric emptying time (reduced 
movement food into the This 
generally accompanied vomiting. The time 
delay before these effects somewhat depend- 
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ent the species, being one day for mice, three 
days three weeks for dogs and three 
months post-irradiation humans. 


Summary 

The major effects irradiation the four 
organic systems discussed this survey 
are shown Figure 10. 


For currently permitted dosages see Figure 11. 


Permitted Tolerance the Human Particu- 
late and Electromagnetic Radiations 


Acompanying understanding the effects 
ionizing radiations biological systems, 
convenient have information the max- 
imum permissible doses irradiation for the 
human. Such consideration found 
article entitled “Maximum Permissible Internal 
Dose Radionuclides: Recent Changes 
Values” Morgan and appearing 
Nucl. Sci. Eng., 477-500 (1956). Mor- 
gan chairman the Committee Internal 
Dose, the Radiation Protec- 
tion and the Committee Internal Dose the 
International Commission Radiological Pro- 
tection. Hence seemed presumptious 
more than simply abstract his report for the 
subject matter this survey. 

There are two organizations committees 
that concern themselves with tolerance limits 
radiation exposure. These committees are the 
National Committee Radiation Protection 
and the International Commission 
Radiological Protection (ICRP). 

Early recommendations these committees 
established two basic standards: (1) 
maximum permissible dose rate 0.2 per 
day (or and (2) maximum 
permissible body burden radium 0.1 
The 0.1 radium continues maxi- 
mum permissible body burden radium 
and addition this value the basic reference 
for determining the maximum permissible body 
burden all alpha emitting, bone seeking iso- 
topes.” The rate 0.2 day has undergone 
number revisions. 1936 tolerance dose 
was lowered 0.1 day (or 0.5 r/week) 
the USA. Again 1948 this dose was reduced 
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0.3 rem/week. There indication that 
this value establishes lower limit and may 
changed again the future. 

Europe the basic dose rate 0.2 r/day 
was continued until 1950. However, the actual 
difference dose rates between USA and 
Europe was not really factor two the 
figures seem indicate but actually was less 
than that. The reason for this apparent anomaly 
was that Europe the dose rate 0.2 day 
was measured adjacent the body and included 
the backscatter, whereas the United States 
the dose rate 0.1 r/day was measured air. 
The tendency today the U.S. follow the 
European practice dose measurement and 
make measurements that include backscatter 
because they relate more directly the energy 
delivered the tissue ionizing radiation. 
Even this dosimetry uncertain best because 
the absorbed dose inside the body can built 
through such phenomena scattering 
maximum that several times the absorbed 
dose measured the surface the body. 


The magnitude the build-up dose 
the body dependent upon several factors such 
the distance from the source, direction the 
incident beam, width beam, the scattering 
material present, energy radiation and finally 
the units measurement used. There are 
number units that have been proposed. The 
value has, course, been well defined 
esu/0.001293 air). The unit rep was intro- 
duced 1944 measure the absorbed dose 
tissue (83-93 ergs/g soft tissue). This unit 
was later modified the International Com- 
mittee Radiological units form the rad 
which the amount radiation that produces 
100 ergs energy one gram tissue. The 
need unit absorbed dose urgent be- 
cause the fact that exposure ionizing 
radiation other than with gamma rays 
occurs nowadays. The rad unit very useful 
monitoring techniques maintaining rec- 
ords, but should remembered that 
should not used for reporting experimental 
data because one must have information 
energy delivered per gram (rad) for each type 
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300 mREM/wk'# to lens of eye. (Lens of 
eye considered to be at depth of 3 mm.) 
Significant volume is volume of entire 
lens. 


600 mREM/wk?* to skin of 
total body. Basal layer of epi- 
dermis considered to be at a 
depth of 0.07 mm. Significant 
area is 1 cm? in region of 
highest dose rate. 


1500 mREM/wk to skin of 
head, neck, hands, forearms, 
feet, and ankles provided ex- 
posure to eyes is not over 
300 mREM/wk (or 600 
mREM/wk: if over age 45). 
This 1500 mREM/wk does 
not double after age 45, and 
in the case of X or y dose 
the permissible 1500 mr/wk 
includes backscatter. Signifi- 
cant area is 1 cm* in region 
of highest dose rate. 


HUMAN FACTORS 


1500 mREM/wk to skin of head, neck, 
hands, forearms, feet, and ankles pro- 
vided exposure to eyes is not over 
300 mREM/wk (or 600 mREM/wk? if 
over age 45). This 1500 mREM/wk 
does not double after age 45, and in 
the case of X or y dose the permis- 
sible 1500 mr/wk includes backscat- 
ter. Significant area is 1 cm? in region 
of highest dose rate. 


300 mREM/wk'#* to blood forming 
organs. These organs considered to be 
at depth of 5 cm. Significant volume 1 
cm* in region of highest dose rate. 


300 mREM/wk'=" to the gonads. 
Ovaries considered at a depth of 7 
cm, Testes minimum depth of 2 cm. 
Significant volume of gonads is 10% 
of volume in region of highest dose. 


(1) The 300 mr/wk of X or y radiation measured in air (when E < 3 Mev) may be increased to 450 
mr/wk to the lenses of the eye, and about 400 mr/wx to the bone, and to other tissue more than 
5 cm inside the body with exception of the gonads which are limited to 300 mRM/wk until after 


age 45. 


(2) Total body dose rate (including dose rate to the gonads) may be doubled after age 45 provided 
the lens of the eyes do not receive > 300 mREM/wk from radiation of high specific ionization 


and > 600 mREM /wk total dose. 


(3) An alternate rule Maximum permissible weekly dose of X ory (E < 3 Mev) radiation may 


be 300 mr'= measured in occupied area. 


Fig 11. Basic permissible rates, external sources ionizing radiation. 


radiation order define the biological 
damage. 

unit more applicable man the rem 
unit which depends the relative biological 
effectiveness the radiation. The concept 
relative biological effectiveness has changed con- 
siderably the last ten years and present 
there consideration notion that would 


illustration the fluidity the problem 
defining maximum permissible dose limits radia- 
tion, interest note that during the period 
which this survey was the process publication, 
notice proposed change dosage limits was 
issued the AEC. The “Notice proposed rule 
making, Statement Consideration” dated April 24, 
1959 would permit occupational exposure 
the whole body, gonads and blood forming organs 
over period year not exceding one-third the 
annual exposure radiation permitted under the 
existing The complete proposed rule 
changes are rather complex and for detailed informa- 
tion one should consult new NBS Handbook 
now being published “Maximum Permissible 
Amounts Radioisotopes the Human Body and 
Maximum Permissible Concentrations Air and 
Water.” 


set the RBE for alpha and beta radiation equal 
function the linear energy transfer 
(LET). 

lonizing radiation, whether from internal 
external source, has damaging characteristics 
arising from number factors. The damage 
related the total absorbed dose, the type 
radiations, its LET and also such factors 
the absorbed dose rate, radiosensitivity the 
tissue and the importance the tissue vital 
body functions. Because such factors, 
simple single dose statement may made, but 
rather the permitted dose will differ with differ- 
ent organs and different parts the body. 
These relations are best shown the form 
figure. See Figure 11. 

can seen that the principle organs 
the body which limit the radiation exposure 
the body are (1) blood-forming organs, (2) 
eyes, (3) gonads and (4) skin. must 
remembered that any one these organs may 


300 mREM/wk'2+ to portions of body 
rom reterence 
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limit the external exposure depending upon 
the type radiation, its anglar distribution, its 
energy, the distance from the source, and the 
local shielding that can provided. 

With the extended use radioisotopes the 
question maximum permitted concentration 
internally absorbed dose becomes 
portance. The only official source providing 
information the maximum permissible body 
burden and the maximum permitted con- 
centrations (MPC) isotopes are the Hand- 
book and the ICRP handbook. All values 
MPC now published refer continuous expos- 
ure. The critical body organ that organ the 
body that results the greatest damage the 
body. The critical organ may not receive the 
greatest concentration isotope nor need 
necessarily the organ showing the greatest 
damage. However, the greatest concentration 
the greatest damage are generally reliable indi- 
cators the critical organ. 

isotope taken internally eliminated exponent- 
ially with biological half life Since the 
radioactive half life T,, the effective half life 
this the MPC chosen such that the isotope 
equilibrium reached few weeks months 
after which the absorbed dose rate the criti- 
cal body organ remains constant the permis- 
sible dose level 0.3 rem/week. the case 
would require more than normal life span 
reach equilibrium. these cases the MPC 
chosen that the dose rate becomes 0.3 
rem/week after years exposure. 


one considers alpha emitting isotopes 
bone seeking isotopes some special problems 
are encountered. Rather than specify the per- 
mitted dose terms the concentrations 
air and water that will give rise absorbed 
dose rate the bone 0.3 rem/week, the 
maximum permitted dose based the 
amount isotope that will give the same radia- 
tion the bone 0.1 Actually, 
0.1 absorbed the bone gives 
radiation dose about 0.8 rem/week which 
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about three times higher than desir- 
able. This quantity may well changed 
the future. When one concerned with bone 
seeking isotopes other than the radium series, 
additional corrections must made for the 
maximum permissible dose. One such 
tion use weighted energy value. This 
distribution factor better still “relative 
hazard” factor that one determines experimen- 
tally. The value set equal for the 
particulate component (d, and 
heavy recoils) for all bone seeking isotopes 
with the expection and This value 
was arrived from experiments that 
seemed show that such isotopes 
and produced about times the damage 
per rad The value the factor 
rather arbitrarily chosen. complex correc- 
tion that contains (1) nonuniform distribu- 
tion, (2) radiosensitivity, and (3) essentialness 
the body organ.” These factors were recog- 
nized from experiments that showed that the 
total energy gram-rad absorbed dose deliv- 
ered the organ may responsible for most 
the biological damage rather than the rad 
absorbed dose small portions the organ re- 
ceiving the highest absorbed dose. other 
words the isotope uniformly distributed 
organ may more damaging than “hot 
spots” occur. 

There contrasting evidence this that 
must also considered. Apparently 
amounts are implanted into the mus- 
cles animals there much higher incidence 
were deposited throughout the bone. 
Thus one sees that the problem somewhat 
complex. 


Accurate determination the maximum per- 
mitted dose for isotopes can seen depend 
upon two factors, the RBE and the value 
Both these factors are determined experi- 
mentally and hence better values are ob- 
tained, more accurate dosages can specified. 
demonstrate this effect example might 
useful. the estimate for (RBE)N for 
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alpha radiation the bone should turn out 
instead 50, then the presently accepted 
permissible dose for would reduced 
from 0.8 0.06 rem/week. There seems 
little conclusive evidence that the value 
should changed. Likewise, there little 
evidence that the RBE alpha radiation 
for chronic exposure should reduced. the 
contrary, from number animal experiments 
that used shortening the life span meas- 
ure, would appear that the RBE for alpha 
radiation should about 60, and for fast 
neutrons. This contrasted with and re- 
spectively that have been suggested. (If the 
functional relationship between RBE and LET 
used the RBE for Mev alpha particles 
15.) Obviously one must await more data, par- 
ticularly those from chronic animal studies, 
make accurate evaluation the maximum 
permitted dose. 

One should understand that with the in- 
creased use isotopes, the presence nuclear 
reactors both universities and industry, and 
with fall-out from the test nuclear weapons, 
there are many problems that must faced, 
and many rules that must laid down even 
though recognized that there insufficient 
information complete and accurate job. 
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Toward this end the ICRP April 1956 set 
forth series general recommendations, 
These can summarized follows 

(1) The basic permissible absorbed dose 
rate will continue 0.3 rem week for 
occupational exposure. exceptional cases, this 
weekly absorbed dose may increased 
factor that might large provided the 
integrated absorbed dose during the 13-week pe- 
riod following the beginning the higher rate 
not greater than 3.0 rem. 


The absorbed dose each occupation- 
ally exposed individual not exceed rem/ 
year averaged over year period. This 
intended limit the absorbed dose rem 
the age and 200 rem the age 
60. 


The permissible exposure rates for pro- 
longed exposure areas the neighborhood 
controlled areas are 1/10 those per- 
mitted within the controlled areas. 


Until more data are available and gen- 
eral agreement reached, considered 
prudent limit the permissible genetic ab- 
sorbed dose large populations the 
order natural background presently in- 
habited regions the earth.” 


TABLE 
Background Data Absorbed Dose Man Age 


(Adapted from reference 


Source Radiation 

Cosmic ray lat and sea level 
Cosmic ray 50° lat and sea level 
Cosmic ray lat and 2000 
Cosmic ray 50° lat and 2000 
From ground air and buildings 


Totals 


Estimates (rads) 


Ovary Testes 
0.39 0.60 
0.72 0.72 
0.82 0.82 
1.2 1.2 
1.4 
1.2-1.6 1.4-2.0 
(0.11 rem) (0.11 rem) 
2.37-3.45 2.78-4.0 
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This natural background present (1955- 
56) interpreted dose the gonads 
2-4 rem the age 30. This means the ICRP 
recommendation would permit exposure 
large populations rem above back- 
ground the age 30. Since mice least 
rem somewhat more than doubles the mu- 
tation rate, the permitted dosage rate would not 
significantly affect the normalcy the pop- 
ulation. 

might interesting consider the 
sources the natural background and the rela- 
tive contribution each component. This 
best seen Table III. 


addition the general recommendations 
concerning radiation dosage rate, changes 
the maximum permitted concentrations were 
made the ICRP. These changes apply spe- 
cifically the internal dose and may sum- 
marized follows: 


(1) MPC values for some addi- 
tional radionuclides will added those al- 
ready the ICRP Handbook. 

“(2) The MPC values for and 
will reduced multiplication factor 
1/3 make them equal the old European 
values. 

The MPC values for all radionuclides 
that are rather uniformly distributed the 
body, where total body body water the 
critical organ, will reduced multiplication 
factor 1/3. 

All the terms used the calculation 


MPC values will checked and revised 
need be. 


committee will study and 
make final recommendations relative the ap- 
plication power function representation 
(body burden) rather than the exponen- 
tial function that now used. 


While the present recommendations set many 
patterns that will followed, there are still 
many problems faced. might well 
simply list some the current problems. 

(1) The selection maximum per- 
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missible intake (MPI) values for single ex- 
posure. 


“(2) The selection MPI values that are 
safe for human tracer studies. 


“(3) The selection MPC values based 
exposure the gonads. 


The consideration the influence 
secondary factors the establishment MPC 
values for waste disposal. 


The beginning number chronic 
biological studies with radionuclides.” 

appears present that the MPC values 
will probably based the number micro- 
curies that can taken into the body 
single event that will deliver the critical 
body organ 0.3 rem/week rem/year which- 
ever gives the smaller MPC values. 


Because the previous recommendation that 
the MPC value large population must deliver 
absorbed dose the gonads the order 
natural background, should apparent 
why MPC values based gonad exposure 
must investigated. While one can use some 
arbitrary value such 1/1000 the MPC 
values for occupational exposure, the problem 
actually somewhat more complex than this. 
The absorbed dose the gonads consists 
two types exposure: (1) direct exposure 
from the isotopes deposited the gonadal 
tissue and (2) indirect gonads from the 
isotopes other parts the body, particu- 
larly from the lower end the large intestine. 

Secondary radiation factors may well become 
the limiting problem determining MPC. 
How these secondary factors may operate can 
seen from some examples. Certain isotopes 
are concentrated fish. fish living con- 
taminated water were the principle source 
food for given population, would nec- 
cesary reduce the MPC values 100 times 
over the value that would acceptable the 
population were only consuming the contam- 
inated water itself. 


England has been observed that certain 
isotopes (radionuclides) from disposal opera- 
tions are concentrated seaweed. This sea- 
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weed turn gathered and eaten number 
people living Wales. Obviously, one 
concerned with the importance low level 
waste deposit contamination 
the environment result weapon testing, 
there great deal ecological work that 
must done before rigorous conclusions may 
drawn. Examples this problem are numer- 
ous. known that some radioisotopes are 
concentrated some organisms the extent 
about 10°. This means that rather low level 
waste may concentrated point where 
one more steps the food chain are dam- 
aged that there longer balance be- 
tween the various animal forms. result 
this imbalance the forests, grazing lands and 
even wheat crops may suffer damage. This, 
course, directly affects man. Such damage may 
take many years rectify. While the proba- 
bility such action occurring our present 
society perhaps remote, nonetheless 
factor that must constantly considered. 
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The Influence Contro! Gain 
First-Order Man-Machine Control System 


CLARENCE TIPTON and HENRY BIRMINGHAM, U.S. Naval Research. Laboratory 


experiment was conducted observe the effect varying control 
sensitivity velocity control system. single sine wave 0.05 eps 
was used the course input, and the subjects tracked the com- 
pensatory mode using pressure control. The operator was required 
apply maximum force one ounce stay target when track- 
ing with maximum control gain, whereas eight pounds 
were required with minimum control gain. Eight naval enlisted 
men received eight test runs eight control sensitivities covering 
range 128 Test runs were one minute length. region 
minimum error occurred the lower control sensitivities. The over- 
all error variation was 2.5 times for the entire 128 range 
control sensitivities. The maximum average tracking error did not 


exceed one percent the input amplitude. 


the design man-machine control systems, 
the question what the “optimum” amount 
control sensitivity frequently arises. Where 
the general nature the course system forc- 
ing function and the dynamics the system 
are known, the maximum control force dis- 
placement required the human can deter- 
mined and will function stick sensitivity. 
Helson® and others Hartman 
Helson Howe®, Jenkins Connor’, 
Searle have studied the influence 
control sensitivity zero-order positional 
type system. This type control, with course 
input, provides direct relationship between 
the position the control stick and the position 
the displayed tracking cursor. general, 
found that performance optimum over some 
portion the lower ranges control sensitivity, 
where the operator required supply 
greater amounts force and/or displacement 
opposed lesser amounts. 

The purpose the present study inves- 
tigate the effect changes control stick sen- 
sitivity upon tracking performance when using 
isometric “pressure” stick and pure first- 
order (velocity) control system. this type 
control system the relationship between the con- 
trol stick and the display such that the rate 
cursor movement directly proportional 
stick position. Relative the differences 
system order, Chernikoff and Taylor? have dem- 
onstrated that velocity control superior 


position control the lower course frequencies 
both the pursuit and compensatory modes 
tracking. remains seen, however, 
whether distinct optimum value control sen- 
sitivity occurs velocity control system 
whether some range optimum values con- 
trol gains occur the case study 
with positional system. 


METHOD 

Apparatus 

block diagram the velocity control system 
presented Figure single sine wave 
0.05 cps was the course input and the subject 
tracked the compensatory mode using pres- 
sure type control. Finger pressure caused slight 
bending the which was trans- 
duced into electrical signal strain gauge 
attached the base the lever. The sensitivity 
this control was variable over range 
With maximum control sensitivity the 
cancel the maximum course displacement, 
whereas, force was required when op- 
erating with minimum control sensitivity. The 
movement the control lever varied from 
imperceptable amount the maximum control 
sensitivity approximately in. the mini- 
mum control sensitivity. ten-channel analog 
computer provided the necessary electronic 
transformations for instrumenting the experi- 
mental system well cumulating error scores. 
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Error was integrated without regard sign for 
each run and the integrated error score was dis- 
voltmeter. 


Procedure 

Eight naval enlisted men served subjects 
tracking conditions control sensitivity. 
Sensitivities 16, 32, 64, and 128 
were used. Test runs were minute length 
with the last seconds being scored. Subse- 
quent training trials each condition, the 
subjects received test runs each the 
above control gains for total test runs. 
given subject received one test trial each 
condition each test session with the order 
varied according permuted latin square 
design. 


RESULTS AND DISCUSSIONS 


plot the averages the integrated error 
scores for each test condition presented 
Figure Each plotted point represents the 
average integrated error scores. The statis- 
tical significance the differences for the vari- 
ous conditions measured the sign test 


Corroborating the performance curve 
slightly J-shaped with broad area minimal 
error (optimum performance) occurring the 
lower control sensitivities through 
most interesting difference between Helson’s re- 
sults and those the present study the larger 
variation error performance for changes 
control sensitvity obtained the former. 


SCORING 
INTEGRATOR 


SYSTEM 
DYNAMICS 


Fig. Experimental first-order system contain- 
ing single integrator the system dynamics 
which produces velocity cursor movement 
proportional control displacement. 
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AVERAGE INTEGRATED ERROR 
(ARBITRARY UNITS) 


\ 2 4 8 16 32 64 128 
STICK GAIN 


Fig. Tracking performance for conditions 
control gain covering 128:1 range sensitivity. 


The rather direct implication little varia- 
tion performance that the human operator 
varying his own gain sensitivity com- 
pensate for variations control sensitivity. 
purely mechanical system employing human 
element, error direct function system gain, 
which turn the product the gain each 
system component. Normally, variation the 
gain given system component would re- 
flected like variation the error level. 
the present case, however, variation 128 
the gain the control component re- 
flected only 2.5 variation the error 
level. One must conclude that the human system 
component varying his own gain maintain 
given over-all system gain and thereby produce 
nearly constant error performance. This capac- 
ity the human vary his gain pointed out 
who speculates that func- 
tion system characteristics this variation may 
range over much 100 db. 


TABLE 


Statistical Significance the Differences 
Between Conditions Sensitivity 
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CLARENCE TIPTON and HENRY BIRMINGHAM 


Perfect compensation the human operator 
changes control gain would, course, pro- 
duce straight performance curve having zero 
slope. Such the case for the lower control 
sensitivities. The accelerated form the curve 
for the higher control sensitivities, however, does 
not reflect serious failure compensate, but 


rather very small departure from perfect ad- 


justment. matter fact, the maximum error 


level was less than percent the course ampli- 


tude. the system sense, then, the man-machine 


combination was accurate within percent 


the input signal throughout the rather exten- 
sive range control gain variation. 


SUMMARY 


preponderance studies have employed 
the positional type system studying the vari- 
ous parameters the tracking control prob- 
lem. experiment was conducted observe 
the effect varying control sensitivity 
velocity control system. single sine wave 
0.05 cps was used the course input and the 
subjects tracked the compensatory mode using 
pressure control. The operator was required 
get when tracking with maximum control gain. 
whereas force were required with 
minimum control gain. Eight naval enlisted men 
received test runs control sensitivities cov- 
ering range 128 Test runs were 
minute length with the last seconds be- 
ing scored. The following results were obtained: 

region minimum error optimum 
performance occurred the lower control sensi- 
required hand force. Fatigue was experienced, 
however, the condition requiring 
force. 
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The over-all error variation was 2.5 times 


for the entire 128 range control sensitivi- 
ties. 


The maximum average tracking error was 
calculated never more than percent 
the input amplitude. 


concluded that the human operator com- 
pensates for changes control sensitivity 
produce optimal performance over wide 
range. Further, the similarity these results and 
those obtained Helson® suggests that the in- 
fluence control sensitivity not materially 
different zero and first-order systems. 
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Optical System Design and the 


MARTIN KURKE, and Associates, Inc., Washington D.C. 


experiment was performed explore equipment design param- 
eters for overcoming the accommodation disturbances untextured 
visual fields which have been observed high altitudes, and which 
have been reproduced under laboratory conditions. Under controlled 
field conditions, however, the phenomenon could not elicited. 


INTRODUCTION 


Recent investigations high altitude and 
the laboratory have disclosed phenomenon 
known “empty field myopia.” described 
voluntary increase the power accommoda- 
tion when searching visual field which 
there detail sufficiently sharp constitute 
stimulus for the accommodation mechanism. 
The searcher then becomes virtually myopic and 
often cannot detect objects small apparent 
sizes. However, points out that the 
effect the visual system reality loss 
the ability accommodate the eyes various 
depths, and suggests the term “empty field 
myopia” should not used describe this con- 
dition. Whiteside’s monograph devotes consid- 
erable space studies for determining some 
the parameters this phenomenon. 
attempted determine whether the design 
equipment such gunsight reticles could cor- 
rect this defect but obtained negative results. 
suggests that individual differences play 
part susceptibility “empty field myopia” 
and that selection pilots may have take this 
factor into account. 


The present study was designed determine 
whether the accommodation disturbance 
“empty field” sufficiently great consid- 
ered the design ground-based optical search 


data reported here were collected while the 
author was Army Ordnance Human Engineer- 
ing Laboratory, Aberdeen Proving Ground, Md., and 
are partially reported within technical memorandum 
limited circulation. 


systems. Such systems would required 
search the sky low elevations where terrain 
the lower portion the field provides tex- 
ture, and therefore depth field gradient use- 
ful depth perception (Gibson*), providing 
cues for accommodation. These systems would 
also required search elevations which 
the entire field consists uniform cloud cover, 
clear cloudless sky. Under such conditions, 
all the usual cues required for depth perception 
would not present. That the design equip- 
ment may significant parameter suggested 
Whiteside’s conclusion that more than 
magnification required detect threshold 
size object when presented empty 
field. Brown interprets the results earlier work 
mean that the correction 
“empty field myopia” might expected 
double the range detection under conditions 
where this phenomenon likely occur. 

experiment was therefore designed 
determine whether Whiteside’s laboratory 
sults pertain field conditions. His underlying 
assumption remained unchanged: the presence 
“empty field myopia” will indicated the 
visual size threshold greater textured than 
untextured field. 

For the type equipment under considera- 
tion, minimum design specification could 
which difference threshold occurs func- 
tion the absence field texture. 

The present study investigated six ground- 


based search systems determine significant 


parameters for the control the differential 
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effect textured vs. “empty fields” back- 
ground for targets minimal size. 


APPARATUS AND PROCEDURE 


Four optical systems were made available for 
this study. Two were low power military tele- 
scopes, one the other Also used were 
two identical variable power rifle telescopes, one 
set and one 3X. The two scopes 
differed objective lens diameter, width 
field, and course, the exit pupil. Also used 
was empty tube with approximately the 
same field view the telescope. Unre- 
stricted binocular vision was also used 
control condition. 

The target consisted set thirteen 60° 
equilateral cones with black matte finish. The 
cones ranged size from in. in. base 
diameter. Targets were presented individually 
ascending size order and were suspended 
0.11 in. monofilament line, invisible when 
viewed with power binoculars the test dis- 
tance 100 yards. 

For half the trials the optical systems were 
elevated that only the sky formed back- 
ground. During the balance the trials the 
scopes were trained that both sky and terrain 
features were the field view. The targets 
were raised predetermined heights insure 
that they were near the center the field, and 
the textured background condition were high 
enough insure that sky rather than trees were 
immediately behind them. Because the unre- 
stricted binocular condition required un- 
bounded field view, was not possible 
provide empty field control condition for 
this condition. All the data were collected during 
one day. The sky was untextured cloud for- 
mations. The sun was the right and rear 
the subjects that sun glare would not affect 


visibility. The black matte finish the target 


prevented detection from reflection. 


Six non-astigmatic enlisted men were used 
subjects. Their depth perception was normal 
and their visual acuities lay between 20/17 and 
20/22 (Snellen) measured the Bausch 
Lomb Orthorater. The optics and the open tube 
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were mounted five individual booths, and 
separate booth was provided for unaided binoc- 
ular vision. The booths were equipped with 
shutter which provided 15-second tachistos- 
copic observations. 

Scoring was done with pencil and paper; the 
subject placed “X” the appropriate pres- 
entation number saw the target and 
“O” did not. Each subject was given 
presentations for each background condition 
and each optical situation (all conditions for 
each subject). each trial the subjects were 
first presented the 3-in. diameter cone 
target the general area where they might 
expect the subsequent test targets. 

The data were collected according re- 
peated measures schedule and were analyzed 
according analysis variance technique de- 
signed eliminate the effects subject inter- 
action. 


RESULTS 


The threshold data were subjected Bart- 
lett’s Test and found homogeneous. 
analysis variance (summarized Table 
yielded statistically significant differences be- 
tween optics and between subjects. However, 
differences backgrounds did not contribute 
differences thresholds. 


DISCUSSION AND CONCLUSION 


was expected, both individual dif- 
ferences and differences optical parameters 
influenced the threshold. The failure back- 
ground differences elicit differential thres- 
holds was not expected, and would seem 
imply that factors other than untextured 
field enter into the problem. The only known 
variable, visual ability, was controlled using 
subjects with normal far vision and depth per- 
ception, and free from astigmatism. Glare, 
which might have been present the labora- 
tory high altitudes, was virtually absent 
this experiment, but there not enough 
evidence determine whether this im- 
portant contributing factor the induction 
the accommodation disturbance empty fields. 


q 
q 
int 
ial 


August, 1959 


HUMAN FACTORS 


TABLE 
Summary Analysis Variance 


Source 


Between Optical Systems 
Between Backgrounds 

Between Subjects 

Interaction: OxB 

BxS 

OxBxS 


TOTAL 


beyond .05 level 
**Significance beyond .01 level 


The present experiment was performed 


explore equipment design parameters for over- 
coming the accommodation disturbances un- 
textured visual fields which have been observed 
high altitudes and which have been repro- 
duced under laboratory conditions. disturb- 
ances comparable those obtained the 
laboratory high altitude could elicited 
under ground-based controlled field conditions. 
may therefore concluded that the need for 
developing additional design specifications 
overcome the effects the phenomenon the 
ground-based optical search equipments under 
consideration cannot justified. 


34.78** (a/e) 
(b/f) 
(d/g) 
(e/g) 
(f/g) 
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MIRROR, MIRROR THE WALL 


Our Society now pressing toward the 500 
member mark. are proud the achieve- 
ment. Our geographical representation has ex- 
panded throughout the United States and into 
Australia, Canada, and Britain. The educational 
and work histories our membership reflect the 
diverse backgrounds necessary our multidis- 
ciplinary tasks. are approaching the end 
our second year national organization. Let 
take uncompromising and critical look 
ourselves. 

education, standard curriculum defines 
the substantive content the field. Human 
factors bandwagon ridden engineering 
departments, psychology departments, and 
schools medicine. 

field such ours, there 
are opportunities play off one discipline 
against another. unsuspecting engineering 
specialist may get lot fancy talk from us. 
With skillful presentation such talk may 
problem requiring multidiscipline approach. 
novice? Does authoritarian manner this 
new field pass for real knowledge and under- 
standing the novel and provocative problems 
with biological flavor which are our daily fare? 

can sell human factors. But are 
only salesmen? the Twenties, the efficiency 
experts sold hard, and some the products were 
good. But they were the first fired when 
matters bread and butter intervened. Have 
fallen into the same trap, have been saved 


EDITORIAL 


degrees—advanced academic degrees? 

the future, will our work stand upon its 
own merits, will continue rest manda- 
tory requirements governmental agencies? 

The demand for human factors specialists ex- 
ceeds the supply. Salaries are excellent. Society 
members are job jumping lively fashion. Yet 
how much new knowledge bring our 
assignments? Our major efforts appear lie 
selling the human factors approach prob- 
lem, and then rehashing once again the tried 
and tired literature. earn living from this. 
But contract cancellation can turn into the 
equivalent itinerant fruit pickers, looking for 
seasonal work where other plums are ripening. 

believe ourselves and our work. 
want sincere and forthright. Yet are 
faced with real dilemma. must seil our 
programs. Simultaneously, must establish 
sound professional approaches difficult prob- 
lem areas. Through our personal contacts with 
government, industry, educational institutions, 
have entered upon membership career 
the Human Factors Society for our mutual 
benefiit. 

The adjustments the years ahead may 
profound. busily prescribe principles for 
man-machine systems, must not forget our 
larger ethical relationships man-social sys- 
tem. Our professional status human factors 
not license quackery. must encourage 
honesty and dignity our young profession 
that can always turn and ask without fear 
“Mirror, mirror the wall...” 


—John Lyman and Stanley Lippert 
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EXCELLENT OPPORTUNITIES FOR 


GISTS 


You are invited investigate unusual career opportunities with excel- 
lent futures the science and engineering Laboratories IBM. You 
will find this unique opportunity contribute original thinking 


several important projects. 


Our Laboratories are engaged the research and development 
advanced electronic digital computers for business, science and indus- 
try. are also engaged the design control systems for exotic- 
fueled strategic bombers operate altitudes 70,000 feet and 
speeds more than 2,000 miles per hour. 


undertake design, research, experi- 
mental analysis, and consultation in the 
field of man-machine relztionships in a 
newly organized psychology group. Un- 
usual opportunities for display and sys- 
tems design in the early development 
stage. Projects include work in psycho- 
physics, communications, electronics, 
trouble-shooting techniques, human learn- 
ing, perception, operations analysis, high- 
speed data processing, psychometrics, 
information theory, decision processes, 
visual and auditory displays, and equip- 
ment design. Program includes both 
applied and basic experimentation. An 
advanced degree is required, or consid- 
erable experience in appropriate fields. 


@ To conduct systems analysis on com- 
plex, advanced weapons systems. A strong 
background in mathematics and statistics 
desirable. M.A. Ph.D. Psychol- 
ogy is required with experience in human 
engineering and human factors research. 


‘@ To initiate human factors design on 
Navy programs. Experience either on na- 
val systems equipment highly desir- 
able. An M.A. or Ph.D. in experimental 
psychology is required. 


@ To perform equipment evaluation ex- 
perimentation, laboratory simulation, and 
flight test analysis from the human fac- 
tors standpoint. An M.A. or Ph.D. in Psy- 
chology is required plus applied experi- 
mental experience. 


PERSONNEL AND TRAINING 
CHOLOGIST to conduct maintenance and 
handling task-equipment analysis and 
other personnel analyses on advanced 
electronic systems. Knowledge of Air 
Force skill classifications and technical 
training and related equipment is desir- 
able. Must have knowledge of airborne 
weapons system research and develop- 
ment cycle. M.A. Ph.D. Psychol- 
ogy is required with specialization in in- 
dustrial and engineering applications 


psychological knowledge and techniques:- 


Salary commensurate with experience. 


Advancement based on merit. Employee 
benefits are among the best in industry 
today. 


Please write, including resume, to: 
Mr. Rodgers, Dept. 700H 
International Business Machines Corp. 


590 Madison 
New York 22, N.Y. 


INTERNATIONAL BUSINESS 
MACHINES CORPORATION 
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